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Method for analyzing N-terminal protein adducts 

This invention ooncems the technical field of analyzing adducts. In 
particular the present invention relates to a fluorescent/ionlzable N-R-Edman 
procedure for analysis of N-terminal protein adducts with spectrophotometric and/or 
mass spectrometrtc detection methods. Further the invention relates to products 
necessary in the above mentioned method and uses of said products and said 
method. 

Background 

it has been demonstrated earlier that in vivo electrophilic compounds can be 
monitored by measuring the products (adducts) of their reaction with proteins, in 
particular hemoglobin (Hb) (1-3). Important nucleophilic sites in proteins, e.g.. 
hemoglobin (Hb), which are reactive under physiological conditions are the imidazole 
nitrogen atoms in histidine residues, sulfur atoms in cysteine and methionine 
residues, oxygen atoms in carboxyl groups and in hydroxyl groups in tyrosine and 
serine residues, and the a-nitrogen atoms in the N-terminal valine residue of all four 

chains of human Hb (6). 

The so called N-alkyl Edman procedure was developed for measurements of 
adducts (mainly low molecular weight adducts) to N-terminal valine residues in Hb 
(7). This method was based on the original Edman degradation procedure (8,9) used 
for protein sequencing. It was observed that N-terminal valine N-alkylated with a 
radioactively labeled 2-hydroxyethyl moiety from ethylene oxide was released 
spontaneously as a phenylthiohydantoln (PTH) under the conditions,( P H >7) 
employed for the coupling reaction between phenyl isothiocyanate (PITC) and 
protein. The released PTH could be separated from unmodified N-terminal valine 
residues, as well as from the rest of the protein by means of extraction. 

This observation led to the development of the N-alkyl Edman procedure for 
gas chromatographic (GC) mass spectrometry (MS) determination of Hb adducts 
(10). Because of its usefulness, the N-alkyl Edman method has been applied in a 
number of laboratories for research purposes, dose, monitoring and hygienic 

surveillance (11 -1 6). 

A brief description of the N-alkyl Edman procedure is presented in Figure 1 . 
A sample of the globin (isolated from red blood cells by acid precipitation) is 
dissolved in formamide. Pentafluorophenyi isothiocyanate (PFPITC) is then added. 
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together with a small amount of aqueous 1 M NaOH In order to obtain a near neutral 
solution. The mixture is maintained at room, temperature overnight after which the 
temperature is raised to 45 °C for approximately two hours (* 7). The 
pentafluorophenylthiohydantoin (PFPTH) derivative of the terminal N-alkylval.ne 
residues are released in high yield by this procedure and can subsequently be 
isolated by extraction (liquid-liquid). 

Although the N-alkyl Edman procedure has become an established method 
for analysis of N-substituted hemoglobin adducts. the method has. its restrictions, 
e g the range of adducts that can be analyzed is limited. Small adducts, e.g., 
ethylene oxide and propylene oxide can be quantified at pmol/g globin level, which is 
sensitive enough for measurement of background adduct levels (levels without 
known exposure). However, adducts with a few polar groups are more difficult to 
analyse, due to the limitations set by the GC separation system prior to the MS 
deletion. 3ome of these limitations can be solved, e.g., by further derivation of 
the polar groups (18) . However, this approach is both time consuming and demand 
new procedures to be developed for each specific adduct: Furthermore, adducts with 
high molecular weigh (>500 mass units, mu) and/or thermo labile adducts are 
extremely difficult to analyze using the GCMS based N-alkyl Edman procedure. 

In order to overcome one or more of these problems and to optimize the 
sensitivity and increase the applicability range the "fluorescent/ionizable N-R-Edman 
procedure" (FIRE procedure), i.e. the present method, is provided. This invention is 
based on the principles of the original N-alkyl Edman procedure; adducted N- 
termlnals can be detached with high selectivity compared to unmodified (normal) N- 
terminals and measured as their corresponding thiohydantoin derivatives after 
25 coupling with isothlocyanate Edman reagents. 



20 



Summary of the Invention 

The present invention solves one or more of the above problems, by 
30 providing according to a first aspect a method for analyzing adducts in a fluid or a 
solid material suspected to contain said adducts comprising the following steps: 

a) bringing said fluid and/or solid material in direct contact with a 
Isothiocyanate reagent comprising a fluorescent and/or ionizable moiety 
or a reagent were the Isothiocyanate. group is directly bounded to an 
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aromatic ring or aromatic ring system, not being unsubstituted phenyl or 
pentafluorophenyl. 

b) allowing said compound to react with adducted N-terminal 
protein/peptide present in said fluid and/or solid material, 
5 c) separating the formed analytes from the reaction mixture, and 

d) detecting the analytes. 

The present invention also provides according to a second aspect a method 
for manufacturing a standard material for use In the method according to the first 
aspect of the present invention comprising the following steps: 
10 a) reacting an N-adducted amino acid 6r adducted N-terminal terminal. 

peptide/protein with a isothiocyanate compound comprising a fluorescent 
and/or ionizable moiety and 
b) purifying the formed thiohydantoin analyte, e.g., by separating the analyte 
from the reaction mixture. 
15 The present invention also provides according to a third aspect a standard material 
obtainable by the method according to the second aspect of the present invention. 
The present invention also provides according to a fourth aspect use of a standard 
material according to the third aspect in a method according to the first aspect of the 
present Invention. The present invention also provides according to a fifth aspect a 
20 container for use when analyzing adducts in a fluid or a solid material suspected for 
containing said adducted compounds, wherein said container comprises means for 
performing steps a) - c) as set out in the first aspect above. The present invention 
also provides according to a sixth aspect use of a method according to the first 
aspect for analyzing hazardous substances, such as acrylamide, ethylene oxide, and 
25 in vivo formed epoxides, e.g., glycidamlde from acrylamide and styrene oxide from 
styrene. The present invention also provides according to a seventh aspect a kit 
comprising standard material according to the third aspect. 

Accordingly hereby a novel method is introduced for analysis of 
electrophillc compounds measured in vivo as their corresponding adducts by means 
30 of the so-called "Ruorescent/ionizable N-R-Edman procedure" (FIRE procedure). The 
principle of the procedure is presented in Figure 2. This invention is based on the 
original observation that N-alkylated N-terminal protein adducts are detached with 
high selectivity from adducted proteins as their corresponding N-alkyl-valine 
phenylthiohydantoines after derivatisation with phenyl Isothiocyanate (PITC) or 
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pentafluorophenyl isothiocyanate (PFPITC) in the so called N-alkyl Edman 
procedure. In the FIRE procedure, fluorescent and/or ionizable v Edman reagents are 
preferably used (e.g., the isothiocyanates; FITC. DNITC arid DABITC), which after 
reaction with adducted N-terminals in proteins are detached and analyzed as their 
5 corresponding thiohydantoines. In contrast to the N-alkyl Edman method, the FIRE 
procedure is designed to yield analytes which have physical and chemical properties 
suitable for isolation, separation and analysis in liquid based systems. 

The FIRE procedure utilizes isothiocyanate reagents with ionizable functional groups, 
10 e.g., carboxyl groups and tertiary amines, in order to: 

a) simplify the dean up. e.g.. by enrichment of the analytes with use of ion- 
exchangers. 

b) be able to utilize highly effective separation techniques such as 
electrophoresis, e.g., capillary electrophoresis (CE) and liquid 

15 chromatography (LC). 

c) utilize the functional group for altering solubility's of reagents/analytes by 
changing the P H above or below its pKa. For example, the carboxyl group in 
FITC gives the reagent (and formed analytes) increased water solubility at 
the pH for the coupling reaction (see Figure 3) as well as excellent 

20 chromatographic properties when separated on LC systems with buffered 

mobile phases two to three pH units below the analytes pK». 

d) provide high sensitivities and low detection limits (LOD) when using mass 
spectrometry (MS) detection techniques, e.g., LC-MS, due to more effective 
ionization of the analytes. 



25 



The FIRE procedure utilizes isothiocyanate reagents that form analytes, 
thiohydantoines, which are fluorescent; this makes It possible to utilize a wider range 
of analytical separation and detection techniques e.g.: 

a) Capillary electrophoresis with laser induced fluorescence detection (CE-LIF). 
30 This approach will give the benefit of a very high sensitivity and moderate to 

high selectivity. In accordance to lrland etal. (19) who separated 18 of 20 
coded FTH-amino acids, formed according tothe original Edman method (8). 
analyzed with a LOD of about 10 zmoi (10" 21 ). 

b) LC separation using laser induced fluorescence detection (LC-LIF). 
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c) CE or LC with fluorescence detection/These systems are very common, 
• easy to operate, provide good sensitivity and are relatively inexpensive. 

d) CE or LC with UV detection, e.g., CE with diode array UV detector (DAD). 
These types of systems provide some selectivity, good reproducibility, fair 
sensitivity and are easy to operate. 

e) LC separation using fluorescence detection combined with MS detection. 
This approach will give the benefits of both these techniques; both 
possessing high sensitivity and specificity. This will be a powerful tool for 
identification and determination of previously unknown adducts/ low levels of 
adducts (near LOD). 

f) Gel electrophoresis with fluorescence detection. This approach will give the 
benefit of high sensitivity and possibility to run samples in parallel with 
possibility for repeated scans for increased sensitivity. 

g) Capillary electrophoresis with application of analytes on rotating media 
followed by fluorescence detection. This approach will give the benefit of high 
separation with possibility for repeated scans for increased sensitivity. 

Besides the above mentioned advantages for the different instrumental 
combinations, these techniques show good linearity of quantification, the FIRE 
procedure provides thereby new possibilities for quantification in comparison with the 
QC optimized N~alkyl Edman procedure 

The mild and non-discriminating conditions utilized in the FltfE procedure 
increase the applicability range compared to now existing methods for measurements 
of N-terminal protein adducts. This new method should have the potency for routine 
analysis for hygienic surveillance, medical purpose, animal studies and for analysis of 
controlled substances that forms electrophlllically reactive metabolites in vivo . 



Detailed description of the invention 
It is intended throughout the present description that the expression 
"adducted N-terminal ff embraces any kind of covalently; alkylated, arylated or by 
other means modified N-terminal protein, but preferably N-terrninals in hemoglobin, 
serum albumin and myoglobin. It is intended throughout the present description that 
the expression w LC n embraces any kind of liquid chromatography, but preferably it is 
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HPLC i.e. High Performance Liquid Chromatography. It is intended that the 
expression "MS" embraces any kind of mass-spectrometry, but preferably LOMS. 

According to a preferred embodiment of the first aspect of the invention there 
Is provided a method wherein said adduct has been formed involving a secondary N- 

5 terminal valine. 

According to a preferred embodiment of the first aspect of the invention. there 
is provided a method wherein said adduct is a globin adduct. 

According to a preferred embodiment of the first aspect of the invention there 
is provided a method wherein said adduct is a hemoglobin adduct. 
1 o According to a preferred embodiment of the first aspect of the invention there 

is provided a method, wherein said compound comprises an N=C=S-group (an 
isothiocyanate-group >. 

According to a preferred embodiment of the first aspect of the invention there 
is provided a method wherein said compound is a fluorescent compound or a 
1 5 compound that forms fluorescent thiohydantoin anaiytes. 

According to a preferred embodiment of the first aspect of the invention there 
Is provided a method wherein said compound is a ionizable compound that forms 
ionizable thiohydantoin anaiytes. 

According to a preferred embodiment of the first aspect of the invention there 
20 is provided a method wherein said compound is a fluorescein compound, or a 
derivative thereof. 

According to a preferred embodiment of the first aspect of the invention there 
is provided a method wherein said compound is selected from the group FITC, 
DNITC and DABITC or a derivative thereof. 

25 According to a preferred embodiment of the first aspect of the invention there 

is provided a method wherein said compound is selected from the group; 4- 
Isothiocyanato-benzoic acid, 4-lsothiocyanato-naphthalene-1-carboxylic acid, 10- 
lsothiocyanato-anthracene-9-carboxylicacid, (4-lsothiocyanato-phenyI)-dimethyl- 
amine, 9-lsothiocyanato-acridine, 4-lsothiocyanato-quinoiine, malachite green 

30 isothiocyanate and derivative thereof. 

According to a preferred embodiment of the first aspect of the invention there 
is provided a method wherein said compound is selected from any reagent were the 
isothiocyanate group is directly bounded to an aromatic ring or ring system, not being 
unsubstituted phenyl or pentafluorophenyl. 

i 
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According to a preferred embodiment of the first aspect of the invention there 
is provided a method wherein said compound is F1TC or a derivative thereof. The 
FITC may be 5* or 6 1 (isomer I and II). 

According to a preferred embodiment of the first aspect of the Invention there 
is provided a method wherein detecting the reacted compound of step d) is 
performed at a pH above 5, preferably at a pH of about 7. 

According to a preferred embodiment of the first aspect of the invention there 
is provided a method wherein step c) is performed by using size discriminating ultra 
filtration, preferably followed by an ion exchanging step, or ultracentrifugation, 
preferably followed by an ion: exchanging step. Instead of ultracentrifugation or size 
discriminating ultra filtration it would be plausible to use osmotic principles to 
separate the un-reacted from the reacted compounds. When FITC or a derivative 
thereof is used in said method, an anion exchanger is preferably used in the ion 
exchanging step and when DNITC or DABITC or a derivative thereof is used a cation 
exchanger is preferably used in the ion exchanging step. / 

According to a preferred embodiment of the first aspect of the invention there 
is provided a method wherein step c) is performed by using LC. 
According to a preferred embodiment of the first aspect of the invention there is 
provided a method wherein step c) is performed by using ion-exchange 
chromatography. 

According to a preferred embodiment of the first aspect of the invention 
there is provided a method wherein step d) is performed either by using 

i) LC or capillary electrophoresis and thereupon illuminating the reacted 
compound present and measuring the emitted energy or the absorbed 
energy, 

ii) by using MS, preferably preceded by LC, or 

Hi) a combination of both i) and ii) f whereby preferably i) is performed 
before ii). 

Preferably a standard material according to the second aspect of the invention is run 
first in the above method whereby i), ii) or a combination of both is used, which 
enables that a first scan can show where the searched adduct would appear if 
present in the sample By using this standard material first, it will provide information 
of were the analyte, the adducted thiohydantoin derivative, appear and how the 
analyte behaves during the detection step. 
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According to a preferred embodiment of the first aspect of the invention there 
is provided a method wherein the illuminating of the reacted compound present and 
measuring the emitted energy or the absorbed energy is performed using LIF or a 
diode array detector, preferably LIF. 
5 According to a preferred embodiment of the first aspect of the invention there 

is provided a method wherein the excitation wavelength is 488 nm (± 20 nm) and the 
measurement of the emission is performed at longer wavelengths, e.g., 51 5 nm. 

According to a preferred embodiment of the first aspect of the invention there 
is provided a method wherein LC or the capillary electrophoresis in i) is followed by 
1 0 transferring the reacted compound present on to a rotary means, preferably a disc, 
and then illuminating the reacted compound present and measuring the emitted 
energy or the absorbed energy, whereby the illuminating of the reacted compound 
present and measuring the emitted energy or the absorbed energy thereof may be 
performed an unlimited number of times. 
1 5 According to a preferred embodiment of the second aspect of the invention 

there is provided a method wherein said adduct is a globin adduct. 

According to a preferred embodiment of the second aspect of the Invention 
there is provided a method wherein said adduct is a hemoglobin adduct. 

According to a preferred embodiment of the second aspect of the invention 
20 there Is provided a method wherein said adduct is a serum albumin adduct 

According to a preferred embodiment of the second aspect of the invention 
there is provided a method wherein said adduct is a myoglobin adduct 

According to a preferred embodiment of the second aspect of the invention 
there is provided a method wherein said compound comprises an N=C=S-group {an 
25 isothiocyanate-group). 

According to a preferred embodiment of the second aspect of the invention 
there is provided a method wherein said compound Is a fluorescent compound, or a 
compound that forms fluorescent thiohydantoin analytes. 

According to a preferred embodiment of the second aspect of the invention 
30 there is provided a method wherein said compound is a ionizable compound that 
forms ionizable thiohydantoin analytes. 

According to a preferred embodiment of the second aspect of the invention 
there is provided a method wherein said compound is a fluorescein compound or a 
derivative thereof. 
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According to a preferred embodiment of the second aspect of the invention 
there is provided a method wherein said compound is selected from the group FITC, 
DNITC and DABITC or a derivative thereof. 

According to a preferred embodiment of the second aspect of the invention 
5 there is provided a method wherein said compound is selected from the group; 4- 
isothiocyanato-benzoic acid, 4-lsothiocyanato-naphthalene-1-carboxylicacid f 10- 
lsothk>cyanato-anthracene-9-carboxyIic acid, (4-lsothiocyanato-phenyl)-dimethyl- 
amine, 9-lsothiocyanato-acridine, 4-lsothiocyanato-quinoline, malachite green 
isothiocyanate and derivative thereof. 
10 According to a preferred embodiment of the second aspect of the invention 

there is provided a method wherein said compound is selected from any reagent 
were the isothiocyanate group is directly bounded to an aromatic ring or ring system, 
not being unsubstituted phenyl or pentafluorophenyl (see Figure 4), 

According to a preferred embodiment of the second aspect of the invention 
15 there is provided a method wherein said compound is FITC or a derivative thereof. 

Preferred features of each aspect of the invention are as for each of the other 
aspects mutatis mutandis. The prior art documents mentioned herein are 
incorporated to the fullest extent permitted by law. The invention is further described 
in the following examples in conjunction with the appended figures, which do not limit 
20 the scope of the invention in any way. Embodiments of the present invention are 
described in more detail with the aid of examples of embodiments and figures, the 
only purpose of which is to illustrate the invention and are in no way intended to limit 
its extent. 

25 Short description of the figures 

Figure 1 shows a brief description of the N-alkyl Edman procedure. 

Figure 2 shows the principles of the F\RE procedure, i.e. the present method. 

Figure 3 shows the studied reactions and the studied reagents: Three selected 

fluorescent/ionizable isothiocyanate reagents; fluorescein isothiocyanate (FITC), 4- 
30 N.N-dimethylaminoazobenzene 4 , -isothiocyanate (DABITC) and 4-dimethylamino-l- 

naphthyl isothiocyanate (DNITC) used in the FIRE procedure was compared with the 

two reagents, phenyl isothiocyanate (PITC) and pentafluorophenyl isothiocyanate 

(PFPITC), used in the N-alkyl Edman procedure. 
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Figure 4 shows general structures of analytes and proposed analytes formed with 
the FIRE procedure from adducted valine or asparagine as amino acids or N- 
terminals in peptides/proteins. 

Figure 5 shows structures of compounds 1-15 as set out in the example part of the 

5 present description . 

Figure 6 shows obtained by measurements of limit of detection detection LOD on 
LC-MS/MS in ESI and in APCI mode LC-MS/MS, positive ions, different pH, data 
presented on a log scale- 
Figure 7 shows obtained by measurements of limit of detection detection LOD on 

10 LC-MS/MS in ESI and in APCI mode LC-MS/MS, negative ions, different pH, data 
presented on a log scale. 

Figure 8 shows a complete baseline separation obtained with CE. 
Figure 9-13 shows results form fluorescence measurements. 
Figure 14-15 shows UV absorbance for selected analytes. fluoranthene used as 
15 reference 

Figure 16 shows LOMS/MS analysis of acrylamide adducted human globin by use 
of the FIRE procedure and comparison with reference compounds. 
Figure 17 shows excitation and emission spectra of FTH-MeVal (10). 

20 

Examples 

The FIRE procedure have been studied and evaluated utilizing three isothiocyanate 
reagents; fluorescein-5*-Isothiocyanate (FITC). ^-N.N-dimethylaminoazobenzene-^- 
isothiocyanate (DABITC) and 4-dimethyJamino-l -isothiocyanate (DNITC), that all 

25 forms fluorescent thiohydantoines directly with N-substituted valines, valyipeptides 
(N-methylated) and proteins (alkylated globin, a few alkylating agents tested). These 
analytes were then compared with the reagents employed in the GC-based N-alkyl 
Edman procedure, PITC and pentafluorophenyl isothiocyanate (PFPITC). In this 
context, PITC has recently been applied for LC-MS/MS analysis of acrylamide and 

30 glycidamide adducted hemoglobin (20). For comparison between alkylated and non 
alkylated analytes, normal valine and valyl peptides were reacted with the selected 
isothiocyanate reagents. However, in order to form thiohydantoines from 
unsubstituted valine/valyl peptides an additional acidification step must be performed 
in accordance with the principles of the normal Edman degradation reaction (27)_The 

C:\Documents and Senings\cam\Local SertngsYTempofaiy internet HJas\ou<B4\p_Rydbefg_FIRE_Prwedure.doc 



Hnnv orovided by USPTO from the IFW Image Database on 04/11/2005 



110115801 



11 



studied reactions and reagents are summarized in Figure 3, the synthesized 
analytes are presented with structures and abbreviations in Figure 5. 
Selected methylated and non-methylated analytes, (1,2; 5,6; 7.8 and 9,10) were then 
compared at various pH on various analytical techniques; ultraviolet-visible 
5 spectroscopy UV/vis, HPLC, LC-MS and LC-MS/MS, The fluoresoent analytes were 
also analysed with fluorescence spectroscopy (excitation and emission spectra) and 
on CE with diode array detection. It was observed that one of the fluorescent 
reagents was particularly well suited for analysis with these techniques. 

Thus, FITC was selected for further studies using alkylated model 

10 peptides and globine adducted with acrylamlde (11), glycidamide (12), 2-octadecyl- 
oxirane (13), propylene oxide (14), cholesterol-5a,6a-epoxide, (15). These analytes 
(11-15, Figure 5) were analysed on LC-MS/MS (ESI) and were shown to give good 
response in the applied system. These analytes (11-15), formed from in vitro 
alkylated globln after coupling/ detachment with FITC, were isolated by size 

15 discriminating ultra filtration (MWCO 5000) followed by anion exchanger.. The 

isolated extracts were then directly analyzed on LC-MS/MS successfully with a high 
sensitivity. Data that show the sensitivity, measured as limit of detection (LOD) for the 
tested reagents and the corresponding methylated and not methylated 
thiohydantoines are presented in Table 1, Figure 6-7. Results of these studies, e.g. 

20 that FTH-MeVal (10) give between 600 to 16.000 times higher molar sensitivity as 
compared to PTH-MeVal (1)r It was found that all selected model reagents for the 
FIRE procedure, FITC, DABITC and DNITC, reacts and detaches the adduct 
moieties with high selectively. They gave consequentially much lower LODs 
compared for the reagents utilized in the N-alkyl Edman procedure, down to 0.57 

25 fmol (10" 15 ) for fluorescein N-methylvaline thiohydantoin (FTH-MeVal, 10, Table 1) in 
the applied LC-MS/MS methods for analysis. This high sensitivity, measured as lower 
LODs, is probably a result of the incorporated ionizable groups in the reagents, which 
are ionized to a higher degree in MS instrument compared to adducted PTH and 
PFPTH analytes without ionizable groups. 

30 in order to evaluate the possibility to measure N-terrninal adducts with 

such sensitive techniques as CE-LIF, the fluorescent analytes, 5-10, were also 
measured with fluorescence spectroscopy (excitation and emission spectra) and 
analyzed on CE with diode array detector (UV). The separation between FTH-Val (9) 
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and FTH-MeVal (10) on CE were evaluated. A complete baseline separation was 
obtained (Figure 8). 

The studies on relative fluorescence were performed on the fluorescent 
analytes (compound 5-10) by measurements of excitation and emission spectra. The 
5 results from this study are presented in Figure 9-13. The results show that FTH- 
MeVal (10) gave detectable response at the lowest concentration. FTH-MeVal (10) 
was detected at a concentration 360 times lower compared to Fluoranthene, which 
was used as a reference. In comparison to the other analytes FTH-MeVal (10) was 
measured at concentrations 45 times lower than DABTH-MeVal (6) and 530 times 
10 lower than DNTH-MeVal (8). The excitation and emission spectra were measured at 
wavelengths and pH suited for each compound. 

Experimental 

1 5 Material and Methods 

Structures of compounds 1-15 are given in Figure 5-Fluoresceine isothiocyanate 
(Isomer I, <90%), pentafluorophenyl isothiocyanate (PFPITC) and phenyl 
isothiocyanate (PITC, purum) were obtained from Fluka. 4-N,N- 
Dimethylaminoazobenzene 4'-isothiocyanate (DABITC) and 4-dimethylamino-1- 

20 naphthyl isothiocyanate (DNITC) were obtained from Acros. Cholesterole-Sct.ea- 

epaxide, horse skeletal myoglobin, octadecyl-epoxide, L-Valine (Val), A/-methyl-D,L- 
valine (MeVal) and 5-isopropyI-3-phenyt-2-thiohydantoin (1, Val-PTH) were obtained 
from Sigma. A/-MethylvalyHeucylanHide (MeValLeu~NH<p > 99 %) and 
valylleucylserine (ValLeuSer (H-Val-Leu-5er-OH) 95%) were obtained from Bachem 

25 (Bubendorf, Switzerland). ( 2 H 3 )Acetonitrile (99.8 % 2 H), ( 2 H)chloroform (99.8 % 2 H ), 
deuterium oxide % 2 H, 2 H 2 0) t and pH^methanol (99.8 % 2 H) were obtained 
from CIL (Andover, MA), 5-lsopropyl-l-methyl-3-phenyl-2-thiohydantoin (2 f PTH- 
MeVal), 5-isopropyI-3-pentafluorophenyi-2-valinethiohydantoin (3. PFPTH-MeVal) 
and 1-hydi wyelliyl-5-issopropyi-3-pentafluorophenyl-2-thlohydantoln (4 t PFPTH- 

30 HOEtVal) were synthesized as described earlier (22). Glycidamide (GA) was 

synthesized from acryionitrile according to Payne and Williams (23) method B, All 
other chemicals and solvents were of analytical grade. 
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The size discriminating ultra filtration tubes "Vivaspin 6" was obtained 
from Sartorius AG (Hannover, Germany). The ion exchanger, Amberiyst A-26, was 
obtained from BHD Chemicals Ltd (Poole, England) 

5 instrumentation, methods for analysis and characterization. 

and 13 C NMR spectra were recorded on a JEOL GSX 270 instrument at 270 MHz. 
All solvents used were fully deuterated; TMS was added as internal standard in 
chloroform, acetonitrile and methanol. 

10 Absorbance spectra of the investigated reagents were obtained in watenacetonitril 
solutions (1:1) with no buffer added respectively 0,1% TFA, using a double-beam 
Hitachi U3000 UV spectrophotometer, scanning from 200 to 600 nm. A quarts cell 
(1 0 mm) was used. 

15 Fluorescence spectra, excitation and emission, were recorded in watenacetonitrii 
solutions (2:1) at various pH (between pH1 and pH9) using a Shimadzu spectro 
• fluoro photometer RF5000 fluorescence spectrophotometer. Emission was scanned 
with the excitation wavelength locked at the optimal absorbance wavelength found 
for the UV absorbance measurements described above. Emission was scanned from 

20 +10nm over the locked excitation wavelength to 600nm. Excitation was scanned with 
the emission wavelength locked at optimum obtained during the emission wavelength 
scan. Excitation was scanned from 200nm to — 10nm below the locked emission 
wavelength. Emission and excitation spectra for the analytes were compared with the 
same instrumental settings (slit 5) and pH suited for each analyte. A quarts celt (10 

25 mm) was used. 

TLC was performed using silica gel 60 f-254 plates (Si0 2 , Merck), spots were 
developed with UV (254 nm) and at long wave (378 nm). Melting points were 
determined on a BOchi 535 instrument. Measurements of pH were carried out on an 
30 Orion EA 920 pH-meter equipped with a Ross 8130 glass electrode. 

Studies of retention times of compounds 5-10 were performed using a Shimadzu LC- 
4A (Kyoto, Japan) HPLC with a Shimadzu SPD-2AS UV detector (X = 268 nm, D 2 
lamp). The separation column was a Kromasii LC-18 column (250 x 10 mm) with a 

C:\Daeuments snd SettJngs\cam\Loea! SctfengsYTemporary mtarnat Res\OLKB4\P__Rydbetg_FIRE_Procedure.doc 



nnnv Provided bv USPTO from the IFW Imaqe Database on 04/11/2005 



110115801 



14 



flow rate of 2.5 mL/min, a sample loop of 0.7 mL. The mobile phase consisted of 2 % 
aqueous acetonitrile buffered with 0-02 % TFA 

The LC-MS system comprised a Rheos 4000LC pump (Flux Instruments, Basel, 
Switzerland) Interfaced with a LCQ MS (ThermoQuest, CA, USA). Well adopted 
5 . buffer systems, e.g., 0.1 % TFA, 0.1 % ammonium acetate and 0.3 mM aqueous 

ammonia, were used. For the LOD determination the flow rate was 200 pL/min of the 
aqueous buffer/acetonitrile [1:1 (v/v)] the.analytes were dissolved in the same buffers 
and solvent mixtures at concentrations ranging from 10 pg/mL down to 1 ng/mL 
dependtng on their response and the operating conditions. The injection volume was 

10 5 pL (n=3 for each compound). Nitrogen was used as drying gas at a flow rate of 250 
L/h. Both the positive- and the negative-ion mode were used. Determinations in MS- 
MS mode was performed by collision-induced dissociation (CID) of the [M+11 ion. 
When the MS was operated in electrospray ionization (ESI) mode. The mobile phase 
consisted of 1:1, H z O:acetonitrile at an isocratic flow at 200 j*L/min. The ion-source 

15 temperature was 120 °C, capillary temp 250 °C, capillary voltage 10 V, nitrogen was 
used as sheath gas and the cone voltage varied between 25 and .140 V order to 
obtain maximum sensitivity for the each specific analyte. When operated in 
atmospheric pressure chemical ionization (APCI) following settings were applied; The 
mobile phase consisted of 1:1 , H 2 0:acetonitrile at an isocratic flow at 500 jxL/min. 

20 The vaporation temperature was 450 °C, nitrogen was used as sheath gas. capillary 
temp 150 °C and a capillary voltage of 5 V. 

The CE separation was performed on an HP 3D CE (Agilent, CA, USA) with a five 
25 channel diode array UV detector. A fused silica capillary (i.d. 50 pm, o.d. 375 pm) 
with a total length of 64 cm and an effective length of 56 cm was used. The 
separation voltage was +30 kV, resulting in a separation current of 32 pA. The buffer 
system consisted of a 17 mM phosphate buffer (adjusted to pH 7) containing 20 mM 
SDS and the injection volume was 1 nL. 

30 

Synthesis of reference compounds/analytes 

Synthesis of 4-N,N-Dimethylaminoazobenzene 4'-thiohydntion-vaIine (5, DABTH- 
Val). 
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From a stock solution of 0,500 M L-valine (20mmol in 40ml 0.25 M KOH), an aliquot 
5.0 mL (2.5 mmol MeVal) was heated to 60°C and mixed with 5.0 ml 0.10 M 4~N,N- 
Dimethylaminoazobenzene 4Msothiocyanate (DABITC, 0.5 mmol) in dfoxan. In order 
to achieve a homogeneous solution another 3.5 mL dloxan and 2.5 mL aq were 
added/The reaction was monitored on TLC (EtOAc/MeOH 4:1) and after 30 min the 
reagent DABITC, was consumed. Concentrated HCI (imL, 12 mM) was added in 
order, to convert the formed 4-N,N-Dimethylaminoazobenzene ^-thiocarbamoyl- 
valine to the correspondingly ring closed DABTH-Val (5)The reaction was monitored 
on TLC (Tol:EtOAc 2:1 , spots developed with UV and long wave) and was found to 
be completed after 30 min at 60°C. The solution was extracted from chloroform 
(25mL) and water (25mL). The isolated water phase was neutralized with KHCO3, 
and the product extracted with chloroform (2x 25mL). The chloroform phase was - 
extracted with water (25mL) and the solution was dried with Na 2 S0 4 . After filtration 
and evaporation the obtained solid (orange color), was crystallized from DCMrhexan 
(2:1) to yield 131.7 mg (69.0 %), m.p. 225°C; Rf-TLC 0, 73(EtOAc:MeOH 4:1 ). UV 
(acn:water 1:1) ^=265 nm, E2bs=28000, see also Figure 15. n H NMR(CDCI 3 .25°C) 
S1.06, 1.15[d+d, 3+3H, J=6.9, 7.1 Hz, CH 3 (y,y')], 2.39^, 1H, J=3-3, 6.9, 7.1Hz, 
CH(p)], 3-09 [s, 6H, N(CH 3 )d 4.18 [d, 1H. J=3-3, CH(a)], 6.75, 6.77 [d+d, 2H, 
azobenzene Cs-MCt-H] 7.39, 7.41 [d+d, 2H, azobenzene Cs-H,C&-H\ 7.88, 7.90, 
7.94/7.96 [4d, 4H, azobenzene C1-H-C4-H]. 

Synthesis of 4-N,N-dimeihylaminoazobenzene 4'-tiohydantion-methylvaIine (6, 
DABTH-MeVal). From a stock solution of 0,500 M /V-(Me)-D f L-valine (20mmol In 
40mL 0,25 M KOH), an aliquot 5.0 mL (2 f Smmol MeVal) were heated to 60°C and 
mixed with 0,1 OOM 4-N,N-Dimethylamlnoazobenzene 4'~isothiocyanate (DABITC) in 
dioxan (5,0mL, 0.5 mmol). In order to achieve a homogeneous solution another 3.5 
mL dioxan and 2.5 mL aq were added. The MeVal reaction mixture became 
inhomogeneous in comparison to the Va! solution, indicating that the formed DABTH- 
MeVal precipitated. The reaction was monitored on TLC (Si0 2 , Tol/EtOAc 2:1 .spots 
developed with UV and long wave), after 30 min all the DABITC were consumed. The 
extraction was performed as described above. The product crystallized from 
DCM:hex (1:4, v/v) to yield 189-0mg (99.5 %), m.p. 1 64.5-1 69°C, Rf-TLC 0.73 (Si0 2 , 
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EtOAciMeOH 4:1). U\/ (acn:water 1:1) K m ac=2B5 nm T £285=26000, see also Figure 14, 
fluorescence measurements (see Figure 11. 12). n H NMR(CDCl 3 .25°C) 51.05, 
1.25[d+d, 3+3H, ^6.9, 7.1Hz, CH 3 (y,y')L 2.47[m, 1H. J=3.3, 6.9. 7.1Hz, CH(p)], 3.09 
[ Sl 6H, N(CW 3 )2] 3.4[S. 3H, N-CH 3 ], 4.4 [d. 1H, J^=3.3Hz f CH(a)], 6.74, 6.77 [d+d, 2H, 
5 azobenzene Ce-H.Cy-H] 7.37, 7.40 [d+d, 2H, azobenzene Cs-H.Ce-H] 7.87, 7.90, 
7.92, 7.95 [4d, 4H, azobenzene C^-H-OatH], 

Synthesis of4-Me z N-naftyl)v&fine-thiohydantofn (7, DNTH-Val). L-Valine (Sigma, 804 
mg, 6.86 mmol) was alkalized With KOH (3.43 mmol) and dissolved in 0.5 M KHCOs 

10 (3 mL) and dioxan (3 mL). The solution was heated to 45 °C with magnetic stirring 
and DMNaf-ITC (88 mg, 0.385 mmol) dissolved in dioxan (2 mL) was added to the 
suspended solution. The reaction was monitored on TLC (SiO z , Ethyl acetate / MeOH 
4;1 , toluene and 2:1 toluene / ethyl acetate) with a reference without addition of 
valine. After 60 min the reaction was in principal completed, no DNITC could be 
* 15 detected on TLC and the formed product, the 4-Me2N-Naftyl>-thiocat»"bamoyl-vaiinate 
gave fluorescence at long wave under the UV-lamp (tailing spot on TLC eluted with 
Ethyl acetate / MeOH 4:1). The reaction was acidified with 3 mL konc hydrochloric 
acid (36 mmol) and the reaction was stopped after 2 h, at 45 0 by neutralization with 
solid KHCO3 until no more carbon dioxide was released. The reaction mixture was 

20 diluted with water (100 mL) and the product was purified by extraction with CHCI3 
(125 ml). The organic phase was dried with Na^jSCU, filtered and evaporated to yield 
126 mg, yield 0.96 % as a white solid m.p. 1 07,5-1 10°C. Rf-TLC 0. 73 (EtOAc:MeOH 
4:1). UV (acnzwater 1 :1) ;w=260 nm, e 26 o=21000. see also Figure 14, 15. 1 H 
NMR( 2 H6-aceton, 25*C) 51.10, 1.25[d+d, 3+3H, J-6,9, 7.1Hz, CH 3 (yY) assigned to 

25 the thiohydantoin], 1.17-1 .21[d+d, 3+3H, J=6.9 Hz, CH 3 Cy,y'> assigned to the 

thiocarbamoyl], 2.40[m, 1 H, J=3.8, 6.9Hz, Ctf(0)], 2.92 [s. 6H, N(CH 3 )2] 4.45, 4.56 
[d+d, 1H. J=1.65, 3.85Hz, CH(cx)], 7,17-8,32 Im, 6H, naftalene-W], 13 C NMR (acetone, 
25*C) 8 16.8. 17.4; 18.7, 19.0 [2x CH 3 (y,y')]. 31.66; 32.0 [2x CH(p)]. 45.4 IN-(CH 3 )2]. 
65.7; 66.1 [2x CH(a)], 114-153 [naftalen], 174.9 [CO], 185.8; 185.9 [2x CS]. This 

30 molecule was found to be partly hydrolyzed to the corresponding ring opened 

thiocarbamoyl compound, All obtained shifts are presented but not assigned to the 
respective compound. 
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Synthesis ofN-Me(4-Me 2 N-Nafiyl)ira!ine-tiohyciantoin (B, . DNTH-MeVaU . 
D,L-MeVal (prepared according to Rydberg et a/ 93, 93.0 mg, 0.708 rnrnol) was 
5 alkalized with KOH (0,4 rnrnol) and dissolved in 0.5 M KHCO3 (3 mL) and dioxan (2 
mL). The solution was heated to 45 °C with magnetic stirring and p- 
dimethylnafthylisothiocyanate (DNITC, 91.3 mg, 0.40 mmol) dissolved in dioxan (2 
rnL) was added and the solution/The reaction was monitored on"TLC {SiO z , toluene 
and 2:1 toluene / ethyl acetate) with a blank reference (DNITC dissolved in the 

10 solvent mixture). After 60 min the reagent, DNITC, was consumed and the formed 
analyte could be developed at on first TLC eluted with toluene/ethyl acetate (with 
fluorescence at long wave under the UV-lamp). The reaction was extracted with 
toluene and purified by column chromatography eluted with toluene/ethyl acetate 
• (SiO z , 2/1) to yield 130 mg, 96 % yield. The product was crystallized from 

15 ethanol/water (1:1), to yield white crystals (100 mg, 73 %), m.p. 157-159*C, Rf-TLC 
0.72(EtOAc:MeOH 4:1), UV (acn:water 1:1) X max =260 nm, £260=21000, see also 
Figure 14, 15. fluorescence measurements (see Figure 12). 1 H NMR( 2 He- 
aceton,25°C) 51 .04, 1 . 1 6[d+d, 3+3H, J=6.9, 7.1 Hz, CH a (Y,y')assigned to the 
thiohydantoin], 1.24, 1.28{d+d, 3+3H, J=6.9 Hz, CHafoy') assigned to the 

20 thiocarbamoyJ], 2.59[m, 1H, J=3.3, 6.9, 7.1Hz, CH(P)], 2.92 [s, 6H, N(CH 3 )2] 3.41, [d t 
3H, J=1.65, Hz f .N-Ctf 3 ] 4.38, 4.50 [d+d, 1H, J^3.0, 3.3Hz, CH(tt)], 7,15-8,31 [m, 6H, 
naftalene-ffl. 13 C NMR (acetone, 25°C) S 16.3, 17.1; 17.5, 17.8 [2x CH 3 (y.7 # )3, 30.3 
[CH(0)] # 33.0; 33.1 [2x lsM3H 3 ], 45.4 [N-(CH 3 )2l. 369.1; 69,4 [2x CH(a)]. 114-153 [2x 
naphtalene], 173.5 [CO], 184.3; 184.4 [2x CS], This molecule was found to be partly 

25 hydrolyzed to the corresponding ring opened thiocarbanmoyl compound. All obtained 
shifts are presented but not assigned to the respective compound. 



30 Synthesis of Fiuoresceintiohydantoin-vafin (9, FTH-Val). From a stock solution of 
0,500 M L-valine (2Qmmol in 40ml 0,25 M KOH). an aliquot, 5,0 rnL (2,5mrnol L- 
valine) was heated to 45°C and then reacted with FITC (0.5 mmol. 199.2 mg) 
dlsolved in 6 mL dioxane/water (1 0:1 ). The reaction was followed on TLC and after 
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90 min all the FITC was consumed. Kono HCI (1mL, 12 mM) was added in order to 
convert the formed 5'-fluorescein thiocarbamoyl-valininate to the correspondingly 
cyclized FTH-Val. after 14 h at45°C the reaction was completed. The product was 
evaporated under vacuum and the dry solid dissolved in water: EtOAc (1:1, tot 
5 60mL). The EtOAc phase was extracted with water (15 mL x2). The combined 

aqueous phase was then extracted with EtOAc (20 mL) and combined with the first 
EtOAc-phase this was finally extracted with water (2x 15 mL). The organic phase was 
dried with Na2S04and the product was dissolved in EtOAc: MeOH (4:1) and purified 
by column chromatography (Si0 2l 25 x 3 cm) eluted with EtOAc: MeOH (4:1).The 

10 fractions containing the products were combined, evaporated and crystallized from 
EtOH:water (1:1) to yield 167 mg (68,4%), m.p. 232 I 5-234,5°C. Rf-TLC 0,65 
(EtOAc:MeOH 4:1). UV (acniwater 1:1) Amax=268 nm, £266=21500, see also Figure 
14, 15. Fluorescence measurements (see Figure 9, 12). n H NMRtaceton^S'C) 
51.08. 1.18[d+d f 3+3H, J=6.9, 6.6Hz, CH 3 (y,y )], 2.38[m t 1H, J=3.8, 6.9Hz, CW(P)], 

15 2.86 [s, 1H, not assigned] 4.4[d, 1H. J=3.8Hz, CH(a)], 6.66-6.77 [6H, m with the most 
pronounced peak at 6.71 , xanthene-H], 7.39, 7.42 [d+d, 1H, ^=0.55, 8.2Hz, C 7 -H) 
7.74, 7.77 [d+d. 1H, J=1.9, 8,2Hz, CrH], 7.96 [d, 1H, ^=1.6Hz, C 4 -H] 9,0 [s. 2H, 
xanthene-(OH)d 9.5 [s, 1H, N-WJ. 13 C NMR (acetone, CD 3 OD, 25°C) 5 17.0, 18.9 
tCH 3 {Y,Y')3, 32.5 [CH(p)] f 66.3[CH(a)]; 103,7, 113.8, 125.9, 126.1, 130.5, 154.0, 

20 161.3 [xanthene carbons], 136.5. 136.9 [C2+C5L 169.9 [COO], 175.2 [CO], 184.6 
[CS], The chemical shifts of five of the carbons is not given, (impossible to separate 
from background noise), however, the presented carbons were in accordance to the 
assumed shifts of compound 9 in its assumed spiro-confbrmation (see Figure 3). 

23 

Synthesis of5'fIuoresceintiohydantain-N-methyivatin (10, FTH-MeVal) From a stock 
solution of 0,500 M N-(Me)-D,L-valine (20mmol in 40mi 0,25 M KOH), an aliquot, 5.0 
mL (2,5mmoi MeVal) were heated to 45°C and then reacted with FITC (0.5 mrnoi, 
30 199.2 mg) dissolved in 6 mL dioxan/water (10:1). The reaction was monitored on TLC 
and after 90 min all the FITC was consumed. In order to extract the formed product, 
FTH-MeVal were acidified with konc HCI (1mL, 12 mM) and extracted as described 
above. After evaporation to dryness was the product purified on column and 
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crystallized as described above to yield 194,4 mg (77,4%) . m.p. 213,5-217-C. Rf- 
TLC 0,64 (EtOAc:MeOH 4:1). UV (acn:water 1:1) Amax^es nm, S2bb=17500, see also 
Figure 14, 15. fluorescence measurements (see Figure 10, 12). 1 H 
NMR(aceton.25°C) 51.01. 1.25td+d. 3+3H, J=B.9Hz, CH 3 (y,y')]. 2.57(m, 1H. J=3.Q. 

5 6.9Hz, CM(B)]. 2.87 [s, 1 H, not assigned] 3.4[s. 3H, N-CH 3 ], 4.4ld. 1H, J^3.0Hz, 

CH(a)l 6.65-6.77 [6H, m with the most pronounced peak at 6.71 . xanthene-Hj, 7,39, 
7.42 [d+d. 1H. J=0.55, 8.2Hz, Cr-Hi 7.72, 7.75 [d+d, 1H. J=1-9. 8.2Hz, C 6 -H|, 7.93 [d. 
1H, J=1.9HZ. C 4 -Hl 9,0 is, 2H, xanthene-(OrV)2l. 13 C NMR (acetone, 25'C) 5 16.3, 
17.5 [CH 3 (y.Y')]. 30.3 [CH<p». 33.1 [N-CH 3 J. 69.3[CH(a)]. 103.5. 113.5, 125.4, 125.7, 

1 0 1 30-2. 1 53.4, 1 53.8. 1 60.5 [xanthene carbons]1 36.6 [C2 or C 5 ], 1 68.7 [COO], 1 72.7 
[CO], 182.7 [CS). The chemical shifts of six of the carbons is not given, (impossible to 
separate from background noise), however, the presented carbons were in 
accordance to the assumed shifts of compound 10 in its assumed spirb-confonmation 
(see Figure 3). 



Synthesis of 5' fluoresaeinaohydantoin'N-2-carbamoylethyl-vatine (11, FTH-AAVal) K 
Valine (1 17 mg, 1.0 mot) was dissolved In 10 mL water/dioxan (4:1), pH was adjusted 

20 to around 1 0 by addition of NaOH (20 mg, 0.50 mmol). To this solution acrylamide 
(71 mg, 1 .0 mmol) was added and the solution was heated at 45 *C for three days. 
An aliquot of this mixture (2.5 mL, containing 0.25 mmol reacted valine) was directly 
reacted with FITC (20 mg. 0.051 mmoJ) at 60 °C for 90 min. The reaction mixture was 
acidified with 0,5 mL 1 M HCI (0.50 mmol), and the product was dissolved and 

25 extracted in water (1 0 mL) and EtOAc (1 0 mL), the EtOAc phase was extracted with 
another two portions of water (10 mL). The EtOAc phase was dried with Na 2 S0 4 , 
evaporated to dryness to yield FTH-AAVal (25 mg, 0,046 mmol, 90%) with small 
amount of impurities revealed byTLC (SiO z EtOAC: MeOH, 4:1). Characterization 
was performed on LC-MS (ESI) in both positive and negative mode. 

30 

In vitro alkylation of globine with glycidarnide, octadecyl epoxide, propylene oxide 
and cholesterole-5a,ea-epoxide. General procedure; Four portions of globine (50 mg) 
isolated from hemoglobin according to Mowrer ef.a/ (24) were dissolved in 2 mL 0.5 
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M aqueous KHC0 3 :2-propanoI (2:1). and alkylated with glycidamide (10 mg T 0.1 1 
mmol). octadecyl epoxide (10 mg, 0.037 mmol), propylene oxide (10 mg, 0.17 mmo!) 
and f*olesterole-5a.6a~epoxide (10 mg, 0.025 mmol). respectively. Additional 
portions of dioxan, 1 mL each, were added in order to get the samples containing 
5 octadecyl epoxide and cholesterole-5a,6a-epoxide homogenous. The reaction 
<> mixtures were heated to 60 °C for three days, purified from the excess alKylating 
reagents/by products by use of size discriminating ultra filtration (samples diluted with 
water 2-propanol (2:1), the samples containing dioxan were evaporated first). The 
alkylated globines were dissolved and derivatised with FITC as described below. 

10 

FITC derivatisation of alkylated globines and analysis of formed FTH derivatives; 
5'nuoresceintfohydantoin-N'2-carbQmoylethyUvaline (11, FTH-AAVal), 
5'nuoTBSceinmhydanto'm-N'2^arbamoy-2-hydroxylethyl-vaUne (12, FTH-GAVal), 
Syiuorescem^ohydantoin-N'2-hydroxyoctadecyhvaline (13, FTH-HOC 1f ?VaI ) t 

1 5 5'fluoresceintiohydantoin-N-2-hydroxypropyt-vaIlne (14, FTH-GA Val ) and 

5'f!uoresceintiohydantoin-N-(Sa and or 6jj)-hydroxycholestero!e-vatine (15, FTH- 
CholBOVal) The above alkylated globin samples (tf=4), akrylamid alkylated globine 
(50 mgr7-10 nrnol acrylamide/g globine, gift from Birgit Paulsson) including one 
control globin (50 mg, normal globine) and one control myoglobin (50 mg, horse 

20 skeletal myoglobin, Sigma), were separately dissolved in 2 mL 0.5 M aqueous 

KHC03/ 2-propanol (2/1 ) and reacted <with FITC (1 5 mg, 0.038 mmol). After 90 min at 
60 Q C, the reaction mixtures were diluted with 2 mL of water.2-propanol (2/1 ) and 
transferred to size discriminating ultra filtration tubes ("Vivaspin 6" from (Sartorius 
AG), MWCO 5000). The tubes were centrifuged about 3-4 hours at maximum speed 

25 on a standard laboratory centrifuge. The analytes were purified on anion exchangers 
(Amberlyst A-26, hydroxyl ion as counter ion) and eiuted with 0.5 % TFA, the extract 
was evaporated and dissolved in 1 mL water/acetonitriie (1/1) and directly analyzed 
on LC-MS(ESI) with direct injection and/or column separation (C 1S ). The solutions 
containing compound 11-15 were characterized on LC-MS (ESI) in both positive and 

30 negative mode. 



Results 
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To evaluate the potency of the FIRE procedure the derivatives of the selected 
fluorescent isothiocyanate reagents (compound 5-10, Figure 5) were analysed and 
compared to the derivatives of the isothiocyanate reagents used in the N-Edman 
procedure (compound 1-4. Figure 5). Selected analytes were analysed on; 1 H NMR 
5 (1-10), «C NMR (1-5. 7-10), HPLC-UV (1 -2.-5.6, 7-8, 9-10), LC-MS/MS (1-15). CE- 
DAD (9, 10) and UWvis spectroscopy (1, 2, 6-10). Compounds 5-10 were also 
measured on fluorescence spectroscopy. In general, for all measurement and 
determinations thepH was alternated below and above the pKa for the respective 

analyte. 

10 

NMR-Results. 1 H and 13 C NMR were used in order to characterise the synthesised 
compounds; compound 1-4. have been synthesized and described earlier (Rydberg 
93), compound 5,10 (normally 10 mg for 1 H NMR and 40 mg for 13 C NMR) were 
dissolved in fully deuterated solvents. The NMR analysis gives valuable information, 
15 e.g., the well separated shifts for the Y . V- methyls (dd. in 'H NMR ) in the valine spin 
residue can be used to confirm that the compounds are fully ring closed 
thiohydantoins and not its precursors, i.e.. in the correspondingly thiocarbamoylated 
compounds the v, Y*- methyls are not as well separated. 

20 Fluorescence 

The studies on relative fluorescence were performed for the fluorescent 
analytes/compound by recording of excitation and emission spectra. The results are 
presented in Figure 9-13. The FITC derivatives; FTH-Val (9) and FTH-MeVal (10) 
showed the highest relative fluorescence (at pH > 5) compared to the other used 

25 reagents/compounds- FTH-MeVal (10) was detected at a concentration 360 times 

lower compared to fluoranthene (used as a reference), approximately 45 times lower 
than for DABTH-MeVal (6) and 530 times lower than DNTH-MeVal (8). In addition, 
FTH-Val and FTH-MeVal give an almost identical response, indicating that the 
adduct, e.g., the methyl group in FTH-MeVal (9) does not effect ihe spectroscopic 

30 properties in comparison with FTH-Val (8). 

Liquid chromatography 

Using LC. it was possible to separate the corresponding tiohydantoins, methylated 
and non-methylated, for all four tested reagents (1-2, 5-6, 7-8 and 9-10). Different 
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gradients were used for the different reagents and, in spite of the relatively small 
structural differences between the methylated and the non-methylated molecules, 
baseline separations were achieved using a standard C-1 8 column. A chromatogram 
of the LC-MS separation is presented in Figure 16, were the FTH-acryiamide adduct 
5 (11), FTH-MeVal (10) and FTH-Val (9) are separated using LC and identified with 

MS. The experiment was performed using acrylamide alkylated human globin and ! 
corresponding FTH-adducts 9-11 were used as references (see Figure 16). 

Mass spectrometry 

10 In order to evaluate the suitability/applicability of the fluorescent isothiocyanate 

derivatives on LC-MS/MS, compounds 1-10 were compared. The cone voltage, ; 
polarity, pH and the composition of the buffer system was varied and optimized for 
each analyte. The results from this study are summarized in Figures 6-7 and in 

Table 1. 

1 5 n.rn = not measured 

Table 1. Comparison of relative sensitivities obtained by measurements of limit of detection detection 
LOD on LC-MS/MS In ESI and in APCI mode, using various pH modifiers/buffers. LOO were meaured 
on positive and negative ions with direct injections (5 ul loop). The lowest obtained sensitivity is set to 
20 one,, and the others are set relative to FTH-MeVal in 0.3 mM NH* negative ions measured (coloured/ 

dashed), this where calculated to be 0.57 fmol, < ; 



Buffer 


0.1% 
NH4oAc 


0.1% 
TFA 


Q.3mM 
NH3 


Un- 
buffered 


0.1% 
TFA 


NH4OA0 


0.3mM 
NH3 


Un- 
buffered 


NH4oAc 


ionization 
method 


ESI 


ESI 


ESI 


ESI 


APCI 


ESI 


ESI 


ESI 


APCI 


measured 
Ions 


positive 


positive 


positive 


positive 


positive 


negative 


negative 


negative 


negative 


FTH-MeVal 


77.0 


18.8 


n.m 


2180 


1.7 


67.1 




244 


294. 


FTH-Val 


17.4 


5.5 


22.5 


1910 


3.1 


7.6 


n.m 


2790 


n.m 


DABTH- 
MeVal 


294 


131 


47.8 


1840 


20.4 


220 


272 


1680 


n.m 


PTH-MeVal 


48700 


38100 


2890 


176600 


3800 


32200 


4390 


4360 


n.m 


DNTH-MeVai 


4580 


442 


2240 


4530 


42.3 


1050000 


76600 


4791 


n.m 


PFPTH-HOEt 


n.m 


n.m 


n.m 


n.m 


30600 


n.m 


n.m 


28600 


1640 


PFPTH- 
MeVal 


n.rn 


n.m 


n.m 


n.m 


352000 


n.m 


n.m 


n.m 


n.m 



25 Compound 8 and 9, FTH-Val and FTH-MeVal, gave the highest response for the j . 

tested conditions for the LC-MS. The LOD was 0.57 fmoi (1CT 15 ) for FTH-MeVal under ' 
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optimal conditions, which is about 600 times lower compared to the traditional N- 
Edman reagent adduct, PTH-MeVal. The high sensitivity for the FITC derivatives is 
probably a result of the incorporated ionizable moiety in the reagent, which is ionized 
to a higher degree in the MS ion source compared to the PTH and PFPTH 
derivatives. To investigate the applicability range for this reagent, valine and globine 
were adducted with glycidamide, propylene oxide and the high molecular weight 
adducts cholesterole-5a,6a-epoxide and octadecyl-epoxide.The formed 
thiohydantoines (compounds 11-15) were then characterized and determined on LC- 
MS/MS. 

Capillary electrophoresis 

The separation between FTH-MeVal and FTH-Val on a CE-DAD system was 
evaluated to assess the possibility to determine N-terminal adducts using other 
separation techniques than LC and to be able to utilize and benefit from such 
sensitive techniques as CE-LIF. The separation was performed using the previously 
stated conditions e.g., 17 mM phosphate buffer (adjusted to pH 7) containing 20 mM 
SDS. As can be seen in Figure 8, a complete baseline separation was obtained. 
FTH-Val elutes at 7.44 min and FTH MeVal elutes at 8.91 min 

All tested fluorescent isothiocyanate reagents react and detach the adduct moiety 
with a high selectivity. The LC-MS/MS and LC-fluorescence detection possesses a 
high sensitivity and selectivity and the combination of these techniques provide a 
powerful tool for identification of unknown compounds and for studies of adduct 
patterns between species and/or within species, it was observed that fluorescein 
isothiocyanate (FITC) was exceptional, regarding the separation, solubility, sensitivity 
on MS and spectroscopic properties in comparison to the other tested reagents. 
Thus, FITC was selected for further studies using alkylated model peptides and 
globine. The isolated extracts were then directly analyzed on LC-MS/MS successfully 
with a high sensitivity and high selectivity in the applied system. 

It was possible to isolate these adducts from alkylated globin derivatized 
with FITC, by size discriminating uftra filtration followed by clean-up utilizing an anion 
exchanger. This approach is not only time saving but is also non-discriminating 
especially for analysis of adducts with high polarity as they often are lost or gives 
poor yields on liquid/liquid or solid phase extraction clean up steps. 
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The results presented above also show that the FITG derivatives; FTH- 
Val (9) and FTR-MeVal (10) are well suited for separation on CE (Figure S) using 
fluorescence detection at specific excitation and emission at wavelengths around 492 
and 515 nm respectively (Figure 17). This make the FITC derivatives suitable for 
excitation using an Argon-ion laser (488 nm) and opens up the possibility to utilize 
CE-LIF for adducts measurements down to the zrnol (10" 21 ) levels. These results are 
truly encouraging for miniaturizing the fluorescent-N-R Edman procedure, aiming to 
measure adduct spectra from a few pL blood, easily available by a prick in the 
fingertip 

The utilization of the 'FIRE procedure' in comparison to the 'N-alkyl Edman 
procedure' makes it possible to: 

1 ) Increase the range of adducts to be analyzed, e.g.; 

a) high molecular weight adducts (>500 mu) as well as adducts with lower 
molecular weights can be readily analyzed using e.g. LC and CE. 

b) very polar to non polar adducts can be analyzed using e.g, LC and CE. 

c) thermo labile adducts can be analyzed using e.g. LC and CE. 

2) Increase the number of possible separation techniques to be used for adducts 
analysis. 

3) Improve and speed-up the sample clean up and extraction. 

4) Improve the sensitivity for the detection of the analytes using e.g. LC-MS/MS 
and LIF, 
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Various embodiments of the present invention have been described 
above but a person skilled in the art realizes further minor alterations, which would 
fall into the scope of the present invention. The breadth and scope of the present 
invention should not be limited by any of the above-described exemplary 
embodiments, but should be defined only in accordance with the following claims and 
their equivalents. For example, any of the above-noted methods can .be combined 
with other known methods. Other aspects, advantages and modifications within the 
scope of the invention will be apparent to those skilled in the art to which the 
. invention pertains. 



10 
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Claims 

30 1 . Method for analyzing adducts in a fluid or a solid material suspected for 

containing said adducts comprising the following steps: 

a) bringing said fluid and/or solid materia! in direct contact with a 
compound comprising a fluorescent and/or an ionizing moiety. 

b) allowing said compound to react with adducts present in said fluid 
35 and/or solid material, 

c) separating the un-reacted compound from the reacted compound, 
and 

d) detecting the reacted compound. 

40 2. A method according to claim 1 wherein said adduct has been formed 

involving a secondary N-terminair valine. 

3. A method according to claim 1 wherein said adduct is a globin adduct. 
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4. A method according to claim 1 wherein. said adduct is a hemoglobin 
adduct. 

5. A method according to claim 1 wherein said adduct is a serum albumin 
5 adduct. 

6. A method according to claim 1 wherein said compound comprises an 
N=C=S-group (an isothlocyanate-group) directly bounded to an aromatic 
ring or aromatic ring system but not to unsubstituted phenyl or 

10 pentafluorophenyl (i.e., PITC and PFPITC). 

7. A method according to claim 1 wherein said compound is a fluorescein 
compound or a derivative thereof. 

15 8 A method according to claim 1 wherein said compound is an ionizable 

compound or a derivative thereof. 

9. A method according to claim 1 wherein said compound is an 
, jsothiocyanate compounds other than PITC and PFPITC. 



20 



30 



10. A method according to claim 1 wherein said compound is selected from 
the group FITC, DNITC and DABlTC or a derivative thereof. 

1 1 . A method according to claim 1 wherein said compound is selected from 
25 . the group 4-lsothiocyanato-benzoic acid, 4-lsothiocyanato-naphthalene- 

1-carboxylic acid, l0-lsothiocyanato-anthracene-9-carboxylic acid, (4- 
lsothiocyanato-phenyl)-dimethyl-am'me T 9-lsothiocyanato-acridine, 4- 
Isothiocyanato-quinoiine. malachite green isothiocyanate or a derivative 
thereof. 



12. A method according to claim 1 wherein said compound is a ionizable 
compound or a derivative thereof according to Figure 4. 



:;VDocumems and Seuing5V»m\U»cal SettingsYTempcnary Internet FUes^L^XP^Rydbe^nRE^Procedure^oc 



TrrrrTTT^XZ kv usdto *^~^u* icw i^on* n?>tabase on 04/11/2005 



110115801 



28 



13. A method according to claim 10 wherein said compound is FITC or a 
derivative thereof, 

14. A method according to claim 13 wherein detecting the reacted compound 
of step d) is performed at a pH above 5. preferably at a pH of about 7. 

15. A method according to claim 1 wherein step c> is performed by using 
size discriminating ultra filtration, preferably followed by an ion 
exchanging step, or ultracentrifugation, preferably followed by an ion 
exchanging step. 

16. A method according to claim 1 wherein step c) is performed by using LC. 

17. A method according to claim 1 wherein step c) is performed by using ion- 
exchange chromatography. 

18. A method according to claim 1 wherein step d) is performed either by 
using 

i) LC or capillary electrophoresis and thereupon illuminating the reacted 
compound present and measuring the emitted energy or the absorbed 
energy, 

ii) by using MS, preferably preceded by LC, or 

ill) a combination of both i) and ii), whereby preferably i) is performed 
before ii). 

19. A method according to claim 18 wherein the illuminating of the reacted 
compound present and measuring the emitted energy or the absorbed . 
energy is performed using LIF or diode array, preferably LIF. 

20. A method according to claim 19 wherein the illumination wavelength is 
488 nm (±20 nm) and the measurement of the emitted energy is 
performed at longer wavelegths. 
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.21. A method according to claim 18 wherein LC or the capillary 
-electrophoresis in i) is followed by transferring the reacted compound 
present on to a rotary means, preferably a disc, and then illuminating the 
reacted compound present and measuring the emitted energy or the 
absorbed energy, whereby the illuminating of the reacted compound 
present and measuring the emitted energy or the absorbed energy 
thereof may be performed an unlimited number of times. 

22. A method for manufacturing a standard material for use in a method 
according to any one of claims 1 -.21 comprising the following steps: 

a) reacting an adduct with a compound comprising a fluorescent or 
ionizing moiety and 

b) purifying reacted compound by e.g. separating the unreacted 
compound from reacted compound. 

23. A method according to claim 22 wherein said adduct is a globin adduct. 

24. A method according to claim 22 wherein said adduct is a hemoglobin 
adduct. 

25. A method according to claim 22 wherein said adduct is a serum albumin 
adduct. 

26. A method according to claim 22 wherein said compound comprises an 
N=c=S-group (an isothiocyanate-group). 

27. A method according to claim 22 wherein said compound is a fluorescein 
compound or a derivative thereof. 

28. A method according to claim 22 wherein said compound is selected from 
the group FITC, DNITC and DABtTC or a derivative thereof. 

29. A method according to claim 22 wherein said compound is FITC or a 
derivative thereof. 

C:\Documenis and Settmgs\cam\i_ocal Scnin^Temporary Internet RlesXOtKW^RydbBrs^FlRE.P^occdure.doc 



110115801 

30 



30. A standard material obtainable by the method according to any one of 
claims 23 to 29. 

5 31 . Use of a standard material according to claim 30 in a method according 

to any one of claims 1 — 21 . 

32. A container for use when analyzing adducts in a fluid or a solid material 
suspected for containing said adducts, wherein said container comprises 

1 o means for performing steps a) — c) as set out in claim 1 . 

33, Use of a method according to any one of claims 1-21 for analyzing 
hazardous substances, such as acryl amide and styrene. 

15 34. Kit comprising standard material according to claim 32. 
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Abstract 

The present invention provides according to a first aspect a method for 
5 analyzing adducts In a fluid or a solid material suspected for containing said adducts 
comprising the following steps: 

a) bringing said fluid and/or solid material in direct contact with a 
isothlocyanarte reagent comprising a fluorescent and/or ionizable moiety 
or a reagent were the isothiocyanate group is directly bounded to an 

10 aromatic ring or aromatic ring system, not being unsubstituted phenyl or 

pentafluorophenyl (i.e., PtTC and PFPITC) 

b) allowing said compound to react with adducted Nrtermina! 
protein/peptide present in said fluid and/or solid material, 

c) separating the formed anaiytes from the reaction mixture, and 
15 d) detecting the analytes. 

The present invention also provides according to a second aspect a method 
for manufacturing a standard material for use in the method according to the first 
aspect of the present invention comprising the following steps: 

a) reacting an N-adducted amino acid or adducted N-terminal terminal 
20 peptide/protein with a isothiocyanate compound comprising a fluorescent 

and/or ionizable moiety and 

b) purifying the formed thiohydantoin analyte, e.g., by separating the analyte 
from the reaction mixture. 

The present invention also provides according to a third aspect a standard material 
25 obtainable by the method according to the second aspect of the present invention. 

The present invention also provides according to a fourth aspect use of a standard 
material according to the third aspect in a method according to the first aspect of the 
present invention. The present invention also provides according to a fifth aspect a 
container for use when analyzing adducts in a fluid or a solid material suspected for 
30 containing said adducts, wherein said container comprises means for performing 
steps a) — c) as set out in the first aspect above. The present invention also provides 
according to a sixth aspect use of a method according to the first aspect for analyzing 
hazardous substances, such as aery] amide and styrene. The present invention also 
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provides according to a seventh aspect a kit comprising standard material according 
to the third aspect. 



i 
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Presentation Tisdag 

Development of a fluorescence-N-alkyl 
Edman method for analysis of protein 
adducts using LC-MS and/or fluorescence 
detection 



2. Disposition 
Aim 

Background 
New reagents 
Results 
Discussion 

Aim 

Test and evaluate nexv reagents For the N-aikyl-Edman method, that make analysis with LC- 
MS possible and/or analysis on cappilary electrophoresis with fluorescence detection. 

The N-alkyl Edman method can be used to predict the dose of an electronic compound 
within thebody. With.fhe method it is possible to analyse the adducts that the electronic 
compounds forms to the N-terminal site in haemoglobin. 
Bild 

The N-alkyl Edman method is used to measure adducts formed to haemoglobin and from that 
it is possible to predict the dose of an electrofilic compound within the body. 



4. The N-alkyl-Edman method 
Bild 

The N-alkyl-Edman method is specific for adduct affected Hb. 
Ej ringsluming normalt. . . 
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After the derivated aminoacid has been detached it is possible to analyse the sample with GC- 
MS. For a successful analysis with GC-MS the substance needs to be quit hydrophobic, 
relative small and stay intact when it is heated. 

Lf any of these criteria don't match, an other analyse method needs to be used. 

6. Nyare*gcnsen...(Varfbrnyareagens) 

7. My work 

The first step was to syntesies the expected tiohydantoins from the new reagents. This was 
made from the aminoacid Valin, both alkylated with methyl and not alkylated. Tlie synthesis 
of the tiohydantoines worked out find for three of the fuor tested reagents. Rita stniktur.. . The 
DSNTTH was hard to clean up due to its hydrofllicity. We also saw the.expected ringclosure 
for the methylated valin at pH —8 and we had to use more acid conditions to achive the 
ringclosure for the not alkylated ones. The formed compounds was caracterised first with 
TLC and later with nmr and MS. The MS data showed that with had ions with the right 
molacular mass for each substance/The nmr data indicated that the Fluorescein had an other 
configuration that was aspected. It wasn't a carboxylic acid. 
Rita upp niolekylen. _ .1 will come back to this later. 

The configuration of Fluorescin affects the fluorescent properties and can be regulated with 
pH. The studies of the flurescent properties for the formed tiohydantoins showed that the 
Fluorescin tiohydantoins had the lowest level of detection at ph suited for each reagents. Hie 
differrens for the methylated and not methylated tiohydantoins didn't had an effect of the 
fluorescent properties. This is not something that is aspected for other possible aclducts" either 
wheil the konjugated system is cut of before the adduct 

Fluorescin showed to be special with a fluorescens spectra with a high excitation wave length 
of 492 m This is something that can be used to detect the compound with an argon laser, 
with low level of detection. 

To achieve a good separation before a fluorescence detection, cappilary electrophoresis can be 
used. 

It was possible to separate the methylated and not methylated FluorescinTH on CE.. . "bild. 
(this was detected with UV-detection.)No argon laser were used. . .DAD. 
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This means that it is possible to use the reagent on a CE with Argon laser to improve the 
sensitivity. With this technic: Amino acids have been analysed with this reagent wilh a LOD 
of z mol (ten to the power of -21). 

For caracterisation of new adducts a good hplc-ms system is needed. The tested reagents 
showed to be possible to separate with the small difference of a niethyL Ex 

Mass-spectrometry 

Ms/ms... FTH va bast... bild The LOD was estimated from the signal to noise data. Only a 
few attempts were made to optimise the MS system... The table shows the results of LOD 
relarivly to each other with used buffer and measured ion suited for each compound. 

The Fluorescin reagent was tested hi full scale.. . Globin that were known to be alkylated with 
akrylamide were analysed with the new method and analysed with lc-ms. And it worked! bild 
HPLC-MS/MS test pa globin fungerade . . , this shows that the aa FTH separates from mcv+v. 
Nagra alkyleringar av storre molekyler testades ocksa. , , men 

8. Future perspectivs... 

Hopefully the method can be used to identify adducts that hasn't been possible to measure 
before. Fore this purpuse the hplc-ms properties are crucial. On the other hand the CE- 
fluorescence detection opens up for analysing adducts at very low levels. And the CE technic 
is much cheaper which opens up for routine analysis in a bigger scale. What hasn't been taken 
up jet is that the tested reagents have properties that opens up for a clean up step that isn't 
available for the traditional reagents. For example has ionexchangers been used in a clean up 
step for the referenses. 

The work will be performed with help from Per Rydberg at the institution of environmental 
chemestry and Jonas BjSrklund at the institution of analytic chemistry. 

Ovrigt.,. diskussion 
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Method for analyzing adducts 

Thts invention concerns the technical field of analyzing adducts. In particular the 
present invention relates to a fluorescent N-R-Edman procedure for analysis of N-terminal 
protein adducts with spectrophotometric and/or mass spectrometric detection 
5 methods. Further the invention relates to products necessary in the above mentioned method 
and uses of said products and said method. 



Background 

It has been demonstrated earlier that in vivo eiectrophilic compounds can be 
10 monitored by measuring the products (adducts) of their reaction with proteins, in particular 
hemoglobin (Hb) {1-5). Important nucleophilic sites in Hb which are reactive under 
physiological conditions are the imidazole nitrogen atoms in histidine residues, sulfur atoms 
in cysteine and methionine residues, oxygen atoms in carboxyl groups and in hydroxyl 
groups in tyrosine and serine residues, and the a-nitrogen atoms in the N-terminal valine 
15 residue of all four chains of human Hb (6). 

The so called N-aJkyl Edman procedure was developed for measurements of 
adducts (mainly low molecular weight adducts) to N-terminal valine residues in Hb (7). This 
method was based on the original Edman degradation procedure (8,9) used for protein 
sequencing . It was observed that N-terminal valine N-alkylated with a radioactively labelled 
20 2-hydroxyethyl moiety from ethylene oxide was released spontaneously as a 

phenylthiohydantoin (PTH) under the conditions ( P H >7) employed for the coupling reaction 
between phenyl isothiocyanate (PITC) and protein. The released PTH could be separated 
from unmodified N-terminal valine residues, as well as from the rest of the protein by 
extraction. 

25 This observation led to the development of the N-alkyl Edman procedure for mass 

spectrometric (MS) quantification of Hb adducts (10). Because of its usefulness, the N-alkyl 
Edman method has been applied in a number of laboratories for research purposes, dose 
monitoring and hygienic surveillance (11-16). 

A brief description of the N-alkyl Edman procedure is presented in Figure 1 . A 
30 sample of the globin (isolated from red blood cells by acid precipitation) is dissolved in 

formamlde and pentafluorophenyl isothiocyanate (PFPITC) is then added, together with a 
small amount of aqueous 1 M NaOH in order to obtain a near neutral solution. The mixture is 
maintained at room temperature overnight, after which the temperature is raised to 45 'C for 
a couple of hours (17). The pentafluorophenylthiohydantoin (PFPTH) derivative of the 
35 terminal N-alkylvaline residues are released in high yield by this procedure and subsequently 
isolated by extraction. 
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Although the N-alkyl-Edman procedure has become an established method for 
. analysis of N-substituted haemoglobin adducts, the method is connected by limitations, e.g.. 
the range of adducts that can be analyzed. Small adducts. e.g.. ethylene oxide and 
propylene oxide can be quantified at nmo!/g globin level, which is sensitive enough for 

5 measurement of so called background adduct levels (levels without known exposure). 

However, adducts with a few polar groups are more difficult to measure, mainly because of 
elution problems in the gas chromatographic (GC) system prior to the MS detection. Some, of 
these limitations can be solved, e.g., by further derivatisatlon (Paulsson et al), this approach 
is both time consuming and demands introduction of new steps to be developed for each 

10 specific adduct Adducts with; high molecular weigh (>700 mass units), many polar groups 
and/or are thermo labile will be extremely difficult to analyze" with the GC-MS based N-aikyl 

Edman procedure. 

In order to overcome one or more of these problems and to optimize the 
sensitivity and increase the applicability range the "Fluorescent N-R-Edman procedure", i.e. 
15 the present method, is provided. This invention is based on the principles of the original N- 
alkyl Edman procedure, alkylated N-terminals can be detached and measured as their 
corresponding thiohydantoin derivatives after coupling with isothiocyanate Edman reagents. 

Summary of the Invention 

20 The present invention solves one or more of the above problems by providing 

according to a first aspect a method for analyzing adducts in a fluid or a solid .material 
suspected for containing said adducts comprising the following steps: 

a) bringing said fluid and/or solid material in direct contact with a compound 
comprising a fluorescent and an ionizing moiety, 
25 b) allowing said compound to react with adducts present in said fluid and/or 

solid material, 

c) separating the un-reacted compound from the reacted compound; and 

d) detecting the reacted compound. 

The present invention also provides according to a second aspect a method for 
30 manufacturing a standard material for use in the method according to the first aspect of the 
present invention comprising the following steps; 

a) reacting an adduct with a compound comprising a fluorescent or ionizing moiety 

and 

b) purifying reacted compound by e.g. separating the unreacted compound from 
35 reacted compound. 

The present invention also provides according to a third aspect a standard materia! 
obtainable by the method according to the second aspect of the present invention. 
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The present invention also provides according to a fourth aspect use of a standard material 
according to the third aspect in a method according to the first aspect of the present 
invention. The present Invention also provides according to a fifth aspect a container for use 
when analyzing adducts in a fluid or a solid material suspected for containing said adducts, 
5 wherein said container comprises means for performing steps a)— c) as set out in the first 
aspect above. The present invention also provides according to a sixth aspect use of a 
method according to the first aspect for analyzing hazardous substances, such as acryl 
amide and styrene. The present invention also provides according to a seventh aspect a kit 
comprising standard material according to the third aspect. 
IQ Accordingly hereby a novel method Is introduced for analysis of electrophilic 

■ compounds measured in vivo as their corresponding adducts by means of the so-called 
"Fluorescent N-R-Edman procedure". This invention is based on the original observation that 
N-alkylated N-terminal protein adducts are detached with high selectivity from adducted 
proteins as their corresponding N-alkyl-valine phenylthlohydantoines after derivatisation with 
15 phenyl isothiocyanate (P1TC) or pentafluorophenyl isothiocyanate (PFP1TC) in the so called 
N-alkyl Edman procedure. In the Fluorescent N-R-Edrnan procedure fluorescent Edman 
reagents are preferably used (i.e. the isothiocyanates; RTC . DNITC and DABITC), detached 
as their corresponding thiohydantoines which has been isolated from tested N-substituted 
amino acids model peptides and adducted protein. The analytes may be separated on both 
20 liquid chromatography (LC) and capillary electrophoresis (CE) and detected by e.g. mass 

spectrometry (MS) and fluorescence spectroscopic techniques. Low limit of detection (LOD> 
was obtained using LC-MS/MS techniques (lowfmol level on a standard instrument) and 
apotency for measurements down to low zmol (10 21 ) levels utilizing CE-laser induced 
fluorescence (UF) analysis. 
25 Due to the mild and non-discriminating conditions utilized for the Fluoresceins 

IM-R-Edman procedure its applicability range is wider than for all earlier existing methods for 
measurements of N-terminal protein adducts. This, new method have excellent sensitivity and 
specificity, the range for measurement spans from adducts with low molecular masses to 
adducts that are thermo labile, have high molecular weight and/or have high polarity. 
30 This new method should have the potency for routine analysis for hygienic 

surveillance, medical purpose and for analysis of forensic substances as their in vivo formed 
electrophillically reactive metabolites. 

in contrast to the N-alkyl Edman procedure, this method is based on liquid 
chromatographic systems, e.g. LC and capillary electrophoresis (CE) techniques with MS 
35 and/or fluorescence spectroscopic detection methods. Due to the mild and non- 
discriminating conditions utilized for the Fluorescens N-R-Edman procedure its applicability 
range is much wider compared to the N-alkyl Edman method. The introduction of fluorescent 
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isothiocyanate reagents provides new possibilities for adduct measurements e.g. capillary 
electrophoresis with laser induced fluorescence detection (CE-L1F, ret) and HPLC with 
fluorescence detection for N-terminal protein adducts. The use of fluorescent isothiocyanates 
has been used for peptfde sequencing (18 t 19) at nmolar levels by use of e.g., fluorescein 

5 isothiocyanate in combination by CE-LIF (27), in the study performed by Ireland et a/ the 
LOD were established to be on the low amol level. 

The Fluorescent N-/*-Edman procedure is further improved by the utilization of 
ionisable groups in the applied reagents, e.g., tertiary amines and carboxyl groups, which 
provides possibilities to enrich the analytes on ion-exchangers, facilitates CE separation and 

10 also delivers higher affinity for ionisatfon in the MS, providing higher sensitivity. The 
principles of the Fluorescent N-R-Edman procedure is presented in Figure 2. 

Detailed description of the invention 
It is intended throughout the present description that the expression "LC" embraces 
15 any kind of liquid chromatography, but preferably It is HPLC i.e. High Pressure Liquid 
Chromatography. 

According to a preferred embodiment of the first aspect of the invention there is 
provided a method wherein said adduct has been formed involving a secondary N-terminal 
valine. 

20 According to a preferred embodiment of the first aspect of the invention there is 

provided a method wherein said adduct is a globin adduct 

According to a preferred embodiment of the first aspect of the invention there is 
provided a method wherein said adduct is a hemoglobin adduct.. 

According to a preferred embodiment of the first aspect of the invention there is 
25 provided a method, wherein said compound comprises an N«C=S-group (an isothiocyanate- 
group). 

According to a preferred embodiment of the first aspect of the invention there is 
provided a method wherein said compound is a fluorescein compound or a derivative 
thereof. 

30 According to a preferred embodiment of the first aspect of the invention there is 

provided a method wherein said compound is selected from the group FITC, DNiTC and 
DABITC or a derivative thereof. 

According to a preferred embodiment of the first aspect of the invention there is 
provided a method wherein said compound is F1TC or a derivative thereof. The FITC may be 

35 4' or5\ 
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According to a preferred embodiment of the first aspect of the Invention there is 
provided a method wherein detecting the reacted compound of step d) is performed at a pH 
above 5, preferably at a pH of about 7. 

According to a preferred embodiment of the first aspect of the invention there is 
5 provided a method wherein step c) is performed by using size discriminating ultra filtration, 
preferably followed by an ion exchanging step, or ultracentrifugation. preferably followed by 
an ion exchanging step. Instead of ultracentrifugation or size discriminating ultra filtration it 
would be plausible to use osmotic principles to separate the un-reacted from the reacted 
compounds When FITC or' a derivative thereof is used in said method, an anion exchanger 
10 is preferably used in the ion exchanging step and when DNITC or DABITC or a derivative 
thereof is used an anion exchanger is preferably used in the ion exchanging step. 

According to a preferred embodiment of the first aspect of the invention there is 
provided a method wherein step c) is performed by using LC. 

According to a preferred embodiment of the first aspect of the invention there is provided a 
15 method wherein step c) is performed by using ion-exchange chromatography. 

According to a preferred embodiment of the first aspect of the invention there is 
provided a method wherein step d) is performed either by using 

i) LC or capillary electrophoresis and thereupon illuminating the reacted 
compound present and measuring the emitted energy or the absorbed energy, 
20 it) by using MS, preferably preceded by LC, or 

Hi) a combination of both i) and ii), whereby preferably i) is performed before li). 
Preferably a standard material according to the second aspect of the invention is run first in 
the above method whereby i). «) or a combination of both is used, which enables that a first 
scan can show where the searched adduct would appear if present in the analyte. By us.ng 
25 this standard material first it possible to get a hint of where the adduot should appear dunng 

the detection step. . 

According to a preferred embodiment of the first aspect of the invention there is 
provided a method wherein the illuminating of the reacted compound present and measuring 
the emitted energy or the absorbed energy is performed using LIF or a diode array, 

30 preferably LIF. 

According to a preferred embodiment of the first aspect of the invention there is 
provided a method wherein the illumination wavelength is 288 nm and the measurement of 
the emitted energy is performed at 520 nm. 

According to a preferred embodiment of the first aspect of the invention there is 
35 provided a method wherein LC or the capillary electrophoresis in i) is followed by 

transferring the reacted compound present on to a rotary means, preferably a disc, and then 
Illuminating the reacted compound present and measuring the emitted energy or the 
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absorbed energy, whereby the illuminating of the reacted compound present and measuring 
the emitted energy or the absorbed energy thereof may be performed an unlimited number of 
times. " 

According to a preferred embodiment of the second aspect of the invention there is 
5 provided a method wherein said adduct is a globin adduct. 

According to a preferred embodiment of the second aspect of the invention there is 
provided a method wherein said adduct is a hemoglobin adduct. 

According to a preferred embodiment of the second aspect of the invention there is 
provided a method wherein said compound comprises an N-C=S-group (an isothiocyanate- 
10 group). 

According to a preferred embodiment of the second aspect of the invention there is 
provided a method wherein said compound is a fluorescein compound or a derivative 
thereof. 

According to a preferred embodiment of the second aspect of the invention there is 
1 5 - provided a method wherein said compound is selected from the group FITC, ONITC and 
DABITC or a derivative thereof. 

According to a preferred embodiment of the second aspect of the invention there is 
provided a method wherein said compound is FITC or a derivative thereof. 

Preferred features of each aspect of the invention are as for each of the other aspects 
20 mutatis mutandis. The prior art documents mentioned herein are incorporated to the fullest 
extent permitted by law- The Invention is further described in the following examples in 
conjunction with the appended figures, which do not limit the scope of the invention in any 
way. Embodiments of the present invention are described in more detail with the aid of 
examples of embodiments and figures, the only purpose of which is to illustrate the invention 
25 and are in no way intended to limit its extent; 

Short description of the figures 
Rg. 1 shows a brief description of the N-alkyl Edman procedure. 

Fig. 2 shows the principles of the Fluorescent N-tf-Edman procedure, i.e the present method. 
30 Rg- 3 shows the reagents for the N-alkyl Edman procedure, phenyl isothiocyanate (PITC) 
and pentafluorophenyl isothiocyanate (PFPITC) which were evaluated towards three 
fluorescent isothiocyanate reagents; fluorescein isothiocyanate (FITC), 4-N.N- 
dlmethylaminoazobenzene ^-isothiocyanate (DABITC) and 4-dimethylamino-1-naphthyl 
Isothiocyanate (DNITC). 

35 Fig. 4 shows structures of compounds 1-14 as set out in the example part of the present 
description. 

Fig. 5 shows an NMR obtained (see example part). 
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Fig. 6 shows i3 C NMR spectra of FTH-MeVal, 
Fig. 7 shows 1 H NMR spectra of FTH-MeVal 
Fig. 8 shows 13 C NMR spectra of FTH — MeVal. 
Fig. 9 - 12 show results from the study in the exemplary part. 
5 Fig. 13 shows results form fluorescence measurements. 

Fig. 14 - 20 show results from another study in the exemplary part. 
Fig. 21 shows a complete baseline separation that was obtained. 
Fig. 22 shows studied thiohydantoin analytes. 

Fig. 23 shows limit of Detection (LOD), measured with LC-MS/MS, positive ions, different pH, 
10 * data presented on a log scale. 

Fig. 24 shows limit of Detection (LOD), measured with LC-MS/MS, negative ions, different 
pH, data presented in a log scale. 

Fig. 25 shows a comparison' of fluorescence properties for the analysed compounds. 
FTHMeVai gives lowest LOD. Fluoranten Is used as a reference. The excitation and 
15 emission spectra are measured with wavelength and pH suited for each compound. 

Fig. 26 Shows excitation and emission spectra of FTH Val (9) and FTH-MeVal (10). The 
emission spectra was recorded at ex: 492 nm and the emission at em: 515 nm. The FTH Val 
(9) and FTH-MeVal (10) where measured at the same conditions and concentration (pH-7; 
0.1 pM; ACN:H*0 (1:4) ). 

20 Fig. 27 shows LOMS/MS analysis of acryiamide adducted human globin by use of the _ 
Fluorescent N-R-Edman procedure and comparison with reference compounds. 

i 

Examples 

In order to compare the Fluorescent N-fl-Edman procedure with the reagents 
25 that are used in the original N-alkyl Edman method and also recently has been applied for 

LC-MS/MS analysis (Ph.D., Hubert Vesber, using PFPITC, presented in Anaheim, CA May i 
2004, at the ACS meeting, acryiamide section), a comparative study was performed. The 
reagents for the N-alkyl Edman procedure, phenyl isothiocyanate (PITC) and 
pentafluorophenyl isothiocyanate (PFPITC) were evaluated towards three fluorescent 
30 isothiocyanate reagents; fluorescein isothiocyanate (FiTC). 4-N,N-d]methylaminoazobenzene 
4'-isothiocyanate (DABITC) and 4-dimethyiamino-1-naphthyl isothiocyanate (DN1TC) (see 
Figure 3). The tested reagents were reacted with valine and N-methyl valine, models for non- 
substituted N-terminal globin and N-substituted N-terminal valine in giobine, A/-(2- 

cart , amo ylethyl)-valine were reacted with PFPITC. The formed analytes; phenyl-(valin and N- j 
35 methylvarme)thiohydantoin (PTH-Val and PTH-MeVal), pentafluorophenyl-W-(2- 
carbamoylethyl)-valine thiohydantoin (PFPTH-AAVal), fluorescein-(valin and N- 
methylvaline)thiohydantoin (FTH-Val and FTH-MeVal), 4'-N,N-dimethylaminoazobenzene-4- 

i 
i 
i 
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(valin and N-methylvaline)thiohydantoln (DABTH-Val and DABTH-MeVal) and 4- 
dimethylamino-1-(valin and N-methytvaline)thiohydantoin (DANTH-Val and DANTH-MeVal) 
were then compared by measurements at various pH on UV. HPLC and LC-MS/MS. The 
fluorescent analytes were also measured on fluorescence spectroscopy (excitation and 
emission spectra) and on CE with diode array detection. As it was observed that one of the 
selected fluorescent reagent were superior in comparison with the rest of the reagents, this 
reagent were also evaluated on alkylated model peptides and globine adducted with 
acrylamide (AA), glycidamide (GA), propylene oxld (PE), cholesterol-5a,6a-epoxide (Chol- 
EO) and 2-octadecyl-oxirane. 



10 



Experimental 

Material and Methods 

Chemicals. Structures of compounds 1-14 are given in Figure 4. Fluoresceins isothiocyanate 
(isomer I, <90%), pentafluorophenyl isothiocyanate (PFPITC) and phenyl isothiocyanate 
15 (P1TC, purum) were obtained from Fluka. 4-N,N-Dimethylaminoazobenzene 4'-isotniocyanate 
(DABITC) and 4-dimethylamino-1-naphthyl isothiocyanate (DNITC) were obtained from 
Acros. Cholesterole-5a,6a-epoxide, octadecyl-epoxide, L-Valine (Val), L-valinamide 
(ValNH 2 ), A/-methyl-D,L-valine (MeVal) and 5-isopropyl-3-phenyl-2-thlohydantoin (Val-PTH, 

1) were obtained from Sigma. A/-Methylvalylleucylanilide (MeValLeu-NH<p > 99 %) and 
20 valylleucylserine [ValLeuSer (H-Val-Leu-Ser-OH) 95%) were obtained from Bachem 

(Bubendorf, Switzerland). ( a H 3 )Acetonitrile (99.8 % 2 H), ( 2 H)chloroform (99.8 % Z H ). 

deuterium oxide (99.9 % a H, 2 H a O), and ( 2 m)methanol (99.8 % 2 H) were obtained from CIL 

(Andover, MA). 5-lsopropyl-1-methyl-3-phenyl-2-thlohydantoin (MeVal-PTH. 6), 5-isopropyl- 

3-pentafluorophenyl-2-thiohydantoin (Val-PFPTH, 12) and 5-isopropyl-1 -methyl-3- 
25 pentafluoTophenyl-2-thiohydantoin (MeVal-PFPTH, 13) were synthesised as described earlier 

(20). Glycidamide (GA) were synthesised. All other chemicals and solvents were of analytical 

grade. 

Instrumentation, methods for analysis and characterization. 'H and 13 C NMR spectra 
were recorded on a JEOL GSX 270 instrument at 270 MHz. AH solvents used were fully 
30 deuterated, TMS was added as internal standard in chloroform, acetonitrile and methanol. 

Methods and instrumentation for LC-MS/MS analysisis: The LC-MS system 
comprized a Rheos 4000LC pump (Flux Instruments, Basel, Switzerland) interfaced with a 
LCQ (ThermoQuest. CA, USA). The MS was operated in electrospray lonisation (ESI) mode. 
The mobile phase consisted of 1:1. H 2 0:acetonltrlle at an isocratic flow at 200 »iL/min. The 
35 ion-source temperature was 1 20 °C, capillary voltage 3.5 kV and the cone voltage varied 
between 25 and 140 V. Nitrogen was used as drying gas at a flowrate of 250 L/h. Both the 
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positive- and the negative-ion mode were used. MS-MS was performed by utilizing collision- 
induced dissociation (CID) of the [M+1] ion. 

Studies of retention times of compounds 4-10 were carried out on HPLC, on a 
Shlmadzu LC-4A connected with a Kromasil LC-18 column (250 x 10 mm) and a Shlmadzu 

5 SPD-2AS detector (\ = 268 nm. D a lamp). Flow rate = 2.5 mL/mln, loop 0.7 ml eluted with 2 
% aqueous acetonitrile buffered with 0.02 % TFA. 

TLC was performed using silica gel 60 f-254 plates (SiO z , Merck), spots were 
developed with UV and at long wave (378 nm) Melting points were determined on a BOchi 
535 Instrument. Mikrokemi AB. Uppsala, Sweden, performed elementary analyses. 

10 Measurements of pH were carried out on an Orion EA 920 pH-meter equipped with a Ross 

8130 glass electrode. 

The CE separation was performed on an HP 3D CE with a five channel diode array 
UV detector (Agilent, CA, USA). A fused silica capillary (1-d. 50 urn, o.d. 375 urn) with a total 
length of 64 cm and an effective length of 55 cm was used. The separation voltage was +30 
15 kV, resulting in an separation current of 32 uA. The buffer system consisted of a 1 7 mM 
phosphate buffer (adjusted to pH 7) containing 20 mM SDS. 

Synthesis of N-Me(4-Me z N-Naftyl)valin-tiohydantoin (5. DMAP-MeVal ;. 
D,L-MeVal (prepared according to Rydbeig et al 93. 93.0 mg, 0,708 mmol) was alkalized 
with KOH (0,4 mmol) and dissolved in 0,5 M KHCO3 (3 ml) and dioxane (2 ml). The solution 
20 was heated to 45 °C with magnetic stirring and p-dimethylnafthylisothiocyanate (DNITC, 91 .3 
mg. 0.40 mmol) dissolved in dioxane (2 ml) was added and the solution. The, reaction was 
followed on TLC (SiO z , toluene and 2:1 toluene / ethyl acetate) with a blank reference 
(DNITC dissolved in the solvent mixture). After B0 min the reaction was completed, no 
DMNaf-ITC could be detected on TLC and the formed product gave fluorescence at long 
25 wave under the UV-lamp. The reaction was extracted with toluene and purified by column 
chromatography ((SiO*. toluene and 2:1 toluene / ethyl acetate), to yield 1 30 mg. 96 % yield. 
The product was re-crystalllzed from ethanol/water (1:1). to yield white crystals (100 mg, 73 
% yield), for NMR, see Figure 5. 

Synthesis of 4-MB 2 N-Naftyl)valin-tiohydantoin (4, DMAP-Val). L-Valine (Sigma, 804 
30 mg, 6.86 mmol) was alkalized with KOH (3.43 mmol) and dissolved in 0,5 M KHCC 3 (3 ml) 
and dioxan (3 ml). The solution was heated to 45 °C with magnetic stirring and DMNaf-!TC 
(88 mg, 0.385 mmol) dissolved in dioxane (2 ml) was added to the suspended solution. The 
reaction was followed on TLC (Si0 2 , Ethyl acetate / MeOH 4:1 , toluene and 2:1 toluene / 
ethyl acetate) with a reference whlthout addition of Valine. After 60 min the reaction was in 
35 principal completed, no DMNaf-ITC could be detected on TLC and the formed product, the 4- 
Me 2 N-Naftyl)-tiocarbamoyl-valinate gave fluorecense at long wave under the UV-lamp (tailing 
spot on TLC eluted with Ethyl acetate / MeOH 4:1). The reaction was acidified with 
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hydrochloric acid (3 ml cone.) and the cyclisation was interrupted after 2 h, at 45 0 by - 
neutralization with solid KHC0 3 until no more carbodioxide was formed. The reaction mixture 
was diluted with water (1 00 ml) and the product was purified by extraction with CHCI 3 (125 
ml). The organic phase was dried with NaaSO*. filtered and evaporated to yield 126 mg, yield 

0.96 % as a white solid. 

The synthesis of compound 6-14 were performed as described above, the products 
were confirmed by 1 H and W C NMR spectra and by LC-MS/MS (ESI) positive and negative 
ionization, eg., Figure 6. 13 C NMR spectra of FTH-MeVal, Figure 7, 1 H NMR spectra of FTH- 
MeVal and Figure 8, 13 C NMR spectra of FTH -MeVal. 



10 



Results 

In order to evaluate the potency of the tested isothiocyanates the relative 
response of compound 1-14 (see Figure 3) were measured and compared using 
fluorescence spectroscopy (compound 4-10), HPLC, CE and UV spectroscopy. For the main 
15 part of these studies pH were alternated below and above the pKa for the respective analyte 
(for pKa values see Figure 4). The studies on relative fluorescence were performed on the 
fluorescent analytes (compound 4-10 in Figure 4) by measurements of excitation and 
emission spectra. The results from this study is presented in figure 9-12, FTH-Val and FTH- 
MeVal gave both in principle identically and high response at pH above 5, showing that the 
20 adduct, e.g.. the methyl in FPT-MeVal (9) does not effect the spectroscopic properties in 
comparison with FTH-Val (8). In these studies FTH-Val and FTH-Me Val gave superior 
response compared to the other used reagents. 

In order to evaluate the potency of the tested isothiocyanates the relative 
response of compound 1-14 (see Figure 3) were measured and compared using UV 
25 spectroscopy, HPLC, CE and fluorescence spectroscopy (compound 4-10). For the main part 
of these studies pH were alternated below and above the pKa for the respective analyte (for 
pKa values see Figure 4). The studies on relative fluorescence were performed on the 
fluorescent analytes by measurements of excitation and emission spectra. The results from 
this study is presented in figure 9-12, FTH-Val and FTH-MeVal gave both in principle 
30 identically and high response at pH above 5. showing that the adduct, e.g.. the methyl in 

FPT-MeVal (9) does not effect the spectroscopic properties in comparison with FTH-Val (8). 
In these studies FTH-Val and FTH-Me Val gave superior response compared to the other 
used reagents. 

in order to compare the relative sensitivity on LC-MS/MS compound 1-9 were 
35 compared by injecting 5 pi directly in the electrospray interface of the TSQ (n=3 for each 
compound), the cone voltage were adjusted in order to obtain maximum sensitivity for the 
each specific analyte. The LC-MS/MS(ESI) measurements were performed using well 
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adopted buffer systems, e.g.. 0.1 %*TFA f 0.1 % ammonium acetate and 0.3 mM aqueous 
ammonia. For LOD measurements the flow rate were 200 ul/min of the aqueous 
buffer/acetonitrile [1:1 (v/v)] the analytes were dissolved in the same buffers and solvent 
mixtures at concentrations ranging from 10 ug/ml down to 1 ng/ml depending on their 
5 response for each used condition. The results from this study are summarized in Figures 14- 
20 and in Table 1. 

Table 1. Comparison of relative sensitivities obtained by measurements of limit of detection 
detection LOD on LC-MS/MS(ESl), using unbuffered or pH modified solvents. LOD were 
10 meaured on positive and negative ions with direct Injections (5 ul loop). The highest 

sensitivity {lowest LOD) was obtained with FTH-MeVal, negative ion mode, 0.3 mM NH 3 
(marked yellow/dashed) and was set to one. 



Measured ions 


Pouilivo ion 


Positive 


Posiiive 


Positive 


Negative 


Negative 


Negative 


Used buficr/pH 


0,|%NHjOAc 


0,1-36 TTFA 


0,3 mM 


No pH 


0,1% NHtOAc 


0,3mM NH 3 


No pH 


Modifier 








modifier 






modifier 


(measured pH) 


(pH-7) 


(pH-1) 


CpH-3-10) 




(pH-7) 


(pH-9-10) 




Fm-MeVal 


15,8 


3,9 


4,6 


447,6 


13.8 




50,1 


FTH-Vai" 


3,6 


Ul 


No data 


393,1 


1,6 


No data 


57,3 


OASTH-^feVal 


60,4 


26,9 


9.8 


377.7 


45.1 


5S.9 


3S6.7 


DNTH-MeVal 


940.8 


90.9 


460,7 

CCiA 1 


932,1 


216593,1 


15752,2 


984.8 



Footnotes: B LOD (defined as three times signal to noise) calculated to be 2.6 fmol - 
15 (multiplication of given values with 2.6 gives LODs in fmol). b FTH-Val used as a control for 
non methylated valines. ^Corresponding pentafluorinated compound to PTH-MeVai, gave 
higher LODs than PTH-MeVal, data not presented). 

As compound 8 and 9, FTH-Val and FTH-MeVal, gave superior response under 
20 the tested conditions for the LC-MS analysis in combination with excellent column separation 
on HPLC (C t8 -colums, especially when eluted at acidic conditions), they were selected for 
further studies. In order to investigate the applicability range for this reagent, valine and 
globine were adducted with glycidamide, propylene oxide and the high molecular weight 
adducts cho!esterole-5a,6a-epoxide and octadecyl-epoxide. The formed thiohydantoines 
25 (compounds 10-14) were characterized on LC-MS/MS and the adducted globins could be 
measured after derivatisation (90 min in 0.5 M aqueous KHCCV 2-propanol [2/1 (v/v)], 
followed by size discriminating ultra filtration (MWCO 5000), evaporation filtrate or 
concentration of the analytes from the filtrate by use of anion exchangers. This approach is 
not only time saving but is also non-discriminating especially for analysis of adducts with high 
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polarity as they often are lost or gives poor yields on liquid/liquid or solid phase extraction 
clean up steps. 

In order to evaluate the possibility to measure N-terminal adducts with such 
sensitive techniques as CE-LIF, the separation between F-MeValTH and FA/alTH on CE 

5 were evaluated. A complete baseline separation was obtained using the stated conditions 
e.g., in 17 mM phosphate buffer (adjusted to pH 7) containing 20 mM SDS (see Figure 21). 
Separation between FTH-Val (9) and FTH-MeVal (1 0) on Capillary electrophoresis was 
measured with diode array detection and FTH-Val elutes at 7.44 min and FTH MeVai alutes 
at 8.91 mln (phosphate buffer 17 mM, pH 7, 20 mM SDS). 30 kV, 52 cm capillary, 1 nl 

10 injected. Accordingly, in order to evaluate the possibility to measure N-terminal adducts with 
such sensitive techniques as CE-LIF, the fluorescent analytes, 5-10, were also measured 
with fluorescence spectroscopy (excitation and emission spectra) and analyzed on CE with 
diode array detector (UV). The separation between FTH-Val (9) and FTH-MeVal (10) on CE 
was evaluated as set out eearirer. A complete baseline separation was obtained as set out 

15 above (Figure 21). The intensity of the fluorescence reaches an optimum around this pH for 
both FTH-Val and FTH-MeVal, which opens up the possibility to utilize CE-LIF for adducts 
measurements down to the low zmol (10~ 21 ) levels, which has been shown by Ireland etal. 
(21). In their Study 18 of 20 coded FTH-amino acids were separated and analysed with LOD 
of around 10 zmol.. 

20 To summarize, selected methylated and non-methylated analytes, (1, 2; 5, 6; 7, 

8 and 9, 10 see Figure 22; N.B. other numbering than in Figure 4) were synthesized and 
compared using different analytical methods, e.g., by measurements with fluorescence 
spectroscopy, LC-UV, CE-DAD and LC-MS/MS under different conditions and pH ranges. It 
was observed that fluorescein isothiocyanate (FITC) was superior, regarding separation, 

25 solubilfty, sensitivity on MS and spectroscopic properties in comparison to the other reagent 
candidates. Thus, FITC was selected for further studies using alkylated model peptides and 
globine adducted with acrylamide (11), glycidarnide (12), 2-octadecyl-oxirane (13). propylene 
oxide (14), cholesterol-5a,6a-epoxide, (15). These analytes (11-15, Figure 22; N.B, other 
numbering than in Figure 4) were analysed on LC-MSZMS(ESI) and were shown to give good 

30 response in the applied system. Further on, it was possible to isolate these adducts from 
alkylated globin derivatized with FITC. by size discriminating ultra filtration (MWCO 5000) 
followed by anion exchanger. This approach is not only time saving but Is also non- 
discriminating especially for analysis of adducts with high polarity as they often are lost or 
gives poor yields on liquid/liquid or soiid phase extraction clean up steps. The isolated 

35 extracts were then directly analyzed on LC-MS/MS successfully with a high sensitivity. Data 
that show the sensitivity for the tested reagents and the corresponding methylated and not 
methylated tiohydantoins are also presented in Table 1 (above) and in Figure 23-24. 
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Studies on relative fluorescence were performed on the fluorescent analytes 
(compound 6-10) by measurements of excitation and emission spectra. The result from this 
study is presented in Figure 25. The results show that FTH-MeVal (1 0) gave detectable 
response at the lowest concentration. FTH-MeVal (10) was detected at a concentration 360 
5 times lower compared to Fluoranten, which was used as a reference. In comparison to the 
other analytes FTH-MeVal (10) was measured at concentrations 45 times lower than 
DABTH-MeVal (6) and 530 times lower than DNTH-MeVal. (8) The excitation and emission 
spectra were measured at wavelengths and pH suited for each compound. 

In these studies FTH-Val (9) and FTH-Me Val (10) gave superior response 

10 compared to the other used reagents. These compounds also have specific excitation and 
emission at wavelengths around 492 and 515 nm respectively (figure 26). That make them 
suitable for excitation using an Angbn-lon laser (488 nm). Both FTH-Val (9) and FTH-MeVal 
<10) gave similar high response (at phi above 5), showing that the adduct, e.g., the methyl in 
FPT-MeVal (10) does not effect the spectroscopic properties in comparison with FTH-Val (9). 

15 This opens up the possibility to utilize CE-LIF (Lacer Induced Fluorecence) for adducts 

measurements down to the lowzmol (10* 21 ) levels (FTH-amino acids measured), which has 
been shown by Ireland et aL (21). In their study 18 of 20 coded FTH-amino acids, formed 
according to the original Edman method (22), were separated and analyzed with LOD of 
around 10 zmol. These results are truly encouraging for miniaturizing the fluorescent-N-R 

20 Edman procedure, aiming to measure adduct spectra from a few pi blood, easily available by 
a prick in the fingertip 

It was further possible to separate the corresponding tiohydantoins, methylated 
and non-methylated, for all four tested reagents on LC. Different gradients were used, for the 
different reagents and, in spite of the small structural differences between the methylated 

25 and the non-methylated molecules, baseline separations were achieved. A chromatogram of 
the LC-MS separation is presented in Figure 27, were the FTH-acrylamide adduct (1 1) f FTH- 
MeVal (1 0) and FTH-MeVal (9) are separated on LC and identified with rnass-spectrometry. 
The experiment was performed on acrylamide alkylated human globin and corresponding 
FTH-adducts (9-1 1; see figure 22) as references. 

30 
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Various embodiments of the present invention have been described above but a 
person skilled in the art realizes further minor alterations, which would fall into the scope of 
the present invention. The breadth and scope of the present invention should not be limited 

25 by any of the above-described exemplary embodiments, but should be defined only in 
accordance with the following claims and their equivalents. For example, any of the above- 
noted methods can be combined with other known methods. Other aspects, advantages and 
modifications within the scope of the invention will be apparent to those skilled in the art to 
which the invention pertains. 

30 
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Claims 

1. Method for analyzing adducts in a fluid or a solid material suspected for 
containing said adducts comprising the following steps: 

a) bringing said fluid and/or solid material In direct contact with a compound 
comprising a fluorescent and an ionizing moiety, 

b) allowing said compound to react with adducts present in said fluid and/or 
solid material, 

c) separating the un-reacted compound from the reacted compound, and 

d) detecting the reacted compound. 

2. A method according to claim 1 wherein said adduct has been formed involving 
a secondary N-terminal valine. 

3. A method according to claim 1 wherein said adduct is a globin adduct. 



20 



25 



4. A method according to claim 1 wherein said adduct is a hemoglobin adduct. 

5. A method according to claim 1 wherein said compound comprises an N=C=S- 
group (an isothiocyanate-group). 

6. A method according to claim 1 wherein said compound is a fluorescein 
compound or a derivative thereof. 

7. A method according to claim 1 wherein said compound, is selected from the 
group RTC, DNITC and DABITC or a derivative thereof. 

8. A method according to claim 7 wherein said compound is FITC or a derivative 
thereof. 



9. A method according to claim 8 wherein detecting the reacted compound of step 
d) is performed at a pH above S, preferably at a pH of about 7. 

35 10. A method according to claim 1 wherein step c) is performed by using size 

discriminating ultra filtration, preferably followed by an ion exchanging step, or 
ultracentrifugation, preferably followed by an ion exchanging step. 
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11. A method according to claim 1 wherein step c) is performed by using LC. 

5 

12. A method according to claim 1 wherein step c) is performed by using ion- 
exchange chromatography. 

13. A method according to claim 1 wherein step d) is performed either by using 

10 i) LC or capillary electrophoresis and thereupon illuminating the reacted 

compound present and measuring the emitted energy or the absorbed energy, 
ii) by using MS, preferably preceded by LC, or 

HI) a combination of both i) and ii), whereby preferably i) is performed before ii). 

15 14. A method according to claim 13 wherein the illuminating of the reacted 

compound present and measuring the emitted energy or the absorbed energy 
is performed using LIF or diode array, preferably LIF. 

15. A method according to claim 14 wherein the illumination wavelength is 288 nm 
20 and the measurement of the emitted energy is performed at 520 nm. 

16. A method according to claim 13 wherein LC or the capillary electrophoresis in i) 
is followed by transferring the reacted compound present on to a rotary means, 
preferably a disc, and then illuminating the reacted compound present and 

25 measuring the emitted energy or the absorbed energy, whereby the illuminating 

of the reacted compound present and measuring the emitted energy or the 
absorbed energy thereof may be performed an unlimited number of times, 

17. A method for manufacturing a standard material for use in a method according 
30 to any one of claims 1-16 comprising the following steps: 

a) reacting an adduct with a compound comprising a fluorescent or ionizing 
moiety and 

b) purifying reacted compound by e,g. separating the unreacted compound 
from reacted compound. 



35 



18. A method according to claim 18 wherein said adduct is a globin adduct. 
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19- A method according to claim 18 wherein said adduct is a hemoglobin adduct. 

20. A method according to claim 18 wherein said compound comprises an N=OS- 
group (an isothiocyanate-group). 

5 

, \ 21. A method according to claim 18 wherein said compound is a fluorescein 
compound or a derivative thereof. 

22. A method according to claim 18 wherein said compound is selected from the 
10 group FITC, DN1TC and DABITC or a derivative thereof. 

23. A method according to claim 23 wherein said compound is FITC or a derivative 
thereof. 

15 24. A standard material obtainable by the method according to any one of claims 

18 to 24. 

25. Use of a standard material according to claim 25 in a method according to any 
one of claims 1—17. 

20 

26. A container for use when analyzing adducts in a fluid or a solid material 
suspected for containing said adducts, wherein said container comprises 
means for performing steps a) — c) as set out in claim 1. 

25 27. Use of a method according to any one of claims 1 — 17 for analyzing hazardous 

substances, such as aery] amide and styrene. 

28. Kit comprising standard material according to claim 26. 
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Abstract 

The present invention provides according to a first aspect a method for analyzing 
5 adducts in a fluid or a solid material suspected for containing said adducts comprising the 
following steps: 

a) bringing said fluid and/or solid material in direct contact with a compound 
comprising a fluorescent and an ionizing moiety, 

b) allowing said compound to react with adducts present in said fluid and/or 
10 solid material, 

c) separating the un-reacted compound from the reacted compound, and 

d) detecting the reacted compound. 

The present invention also provides according to a second aspect a method for 
manufacturing a standard material for use in the method according to the first aspect of the 
15 present invention comprising the following steps; 

a) reacting an adduct with a compound comprising a fluorescent or ionizing moiety 
and 

b) purifying reacted compound by e.g. separating the un-reacted compound from 
reacted compound. 

20 The present invention also provides according to a third aspect a standard material 
obtainable by the method according to the second aspect of the present invention. 
The present invention also provides according to a fourth aspect use of a standard material 
according to the third aspect in a method according to the first aspect of the present 
invention. The present invention also provides according to a fifth aspect a container for use 

25 when analyzing adducts in a fluid or a solid material suspected for containing said adducts, 
wherein said container comprises means for performing steps a) - c) as set out in the first 
aspect above. The present invention also provides according to a sixth aspect use of a 
method according to the first aspect for analyzing hazardous substances, such as acryl 
amide and styrene. The present invention also provides according to a seventh aspect a kit 

30 comprising standard materia! according to the third aspect. 
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Fig. 22/27. 
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Figure 22. Studied thiohydantoin analytes. 
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Fig. 23/27. 
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Figure 23. Limit of Detection (LOD), measured with LC-MS/MS. positive ions, different pH, 
data presented on a log scale. 
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5 Fig.24/27 
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Figure 24. Limit of Detection (LOD), measured with LC-MS/MS, negative ions, different pH, 
10 data presented in a log scale. 



K:\Paicnt\l 1 0-\ 1 1 oi 1 5801 sc\pansmK040S07.doc 



Copy provided by USPTO from the IFW Image Database on 04/11/2005 



.110115801 
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Figure 25: Comparison of fluorescence properties for the analysed compounds. FTHMeVal 
gives lowest LOD, Fluoranten is used as a reference. The excitation and emission spectra 
are measured with wavelength and pH suited for each compound. 



K*Patcm\l 1 0-\UOi 15801se\pansuik0405a7.doc . 



Codv orovided bv USPTO from the IFW Imaae Database on 04/11/2005 



110115801 

24 



Fig. 26/27 
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Figure 26: Excitation and emission spectra of FTH Val (9) and FTH-MeVal (10). The. 
emission spectra was recorded at ex: 492 nm and the emission at em: 515 nm. The FTH Val 
(9) and FTH-MeVal (10) where measured at same conditions and concentration (pH~7; 
0,1 fiM; ACN:H 2 0 (1:4)). 
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5 Fig. 27/27. 
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Figure 27. LC-MS/MS analysis of acryiamlde adducted human globin by use of the 
Fluorescent N-R-Edman procedure and comparison with reference compounds. 
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Figures: 



Figure 1. Principles of the N-alkyl Edman procedure 41 
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Footnote: a Phenyl isothiocyanate and pentafluorophenyl isothiocyanate have been 
utilized in this procedure. 
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Figure 2. Principles of the fluorescent/ionizable N-i^-Edman (FIRE) procedure 
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Figure 3. Studied reactions, coupling between selected isothiocyanate reagents (Y-N=C— S) 
and valine/adducted valine (R=K or alkyls) on amino acid (X=0"), peptide (X=LeuSer) and 
protein level (X=rest of human globin). 
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Figure 4* General structure of adducted analytes and proposed adducted analytes formed in 
the TIRE procedure from N-terminal valine e.g. in proteins suck as globinc (XTH-1£-Val) a and 
analytes formed from N-terminal asparagines, e.g., in proteins such as Bovine serum albumin 
(XTH-R-Asp-Ra)*. 




XTH-^-Val XTH-/f-Asp-R 2 



Footnotes: a The R substituent to the valine thiohydantoin represents any adduct (e.g., alkyl 
and aryl or substituted homologues of alkyl and aryl, but not hydrogen) covalently bounded to 
the valine nitrogen. The X substituent to the valine thiohydantoin represents the moiety of any 
utilized isothiocyanate reagent in which the isothiocyanate group is directly bounded to an 
aromatic ring or an aromatic ring system providing fluorescent and/or ionisable and/or other 
valuable properties to the analyte, however, X is not phenyl and pentafluorophenyl, e.g-, PITC 
andPFPlTC. 

The R substituent to the asparagine thiohydantoin represents any adduct (e.g., 
alkyl and aryl or substituted homologues of alkyl and aryl, but not hydrogen) covalently 
bounded to the valine nitrogen. The X substituent to the asparagine thiohydantoin represents 
the moiety of any utilized isothiocyanate reagent in which the isothiocyanate group is directly 
bounded to an aromatic ring or an aromatic ring system providing fluorescent and/or ionisable 
and/or other valuable properties to the analyte, however, X is not phenyl and 
pentafluorophenyl, e.g., PITC and PFPITC. The R 2 substituent to the carboxyl group of 
asparagine represents; hydrogen, alkyl, aryl, carboxyl, bensyl or substituted analogues to 
these, this carboxyl group can also be an anion. 
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Figure 5. Studied thiohydantoin analytes. 
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Figure 6- Comparison of relative sensitivities, presented in log scale, obtained by 
measurements of limit of detection detection LOD on LC-MS/MS in ESI and in APCI mode. 
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Figure 7. Comparison of relative sensitivities, presented in log scale, obtained by 
measurements of limit of detection detection LOD on LC-MS/MS in ESI and in APCi mode . 
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Figure 8. Separation between FTH-Val (9) and FTH-MeVal (10) on Capillary electrophoresis 
measured with diode array detection. FTH-Val (9) elutes at 7.44 min and FTH MeVal (10) 
elutes at 8.91 min (phosphate buffer 17 mM, pH 7, 20 rnM St>£). 30 kV, 52 cm capillary, 1 nl 
injected. 
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Figure 9, 

given concentrations 
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Footnote: a FTH-Val (9) solved in acetonitrileiaqueous buffer (1 :9), pH 7, different 
concentrations. Excitation wavelength 26511m, emission.scan 275-600nm and emission 5 17 
nm a excitation scan 200-5 lOnm. The bold lines (xFTH-Val) presents the excitation spectra. 
The thin lines (FTH-Val) presents the emission spectra. 
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Figure 10. Fluorescein measurements 8 ; the excitation and emission spectra of FTH-McVal 
(10) at pH 1, 4, 7 and 9 at 1. 1 fiM concentration. 
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520 nm. The bold lines (xFTH-MeVal pH) presents the excitation spectra. The thin lines 
(FTH-MeVal pH) presents the emission spectra. 
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Figure 11. Fluorescens measurements 8 ; the excitation and emission spectra of DABTH- 
MeVal at pH 1, 4, 7 and 9 at 2-5 fiM. 
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Footnote; a Analytes solved in acetonitrile:aqueous buffer (1:9). slits 5/5, excitation 
wavelength 268 nm, emission scan 280-600 nm and emission 538 nm, excitation scan 200- 
530 nm. The bold lines (xDABTH-MeVal) presents the excitation spectra. The thin lines 
(DABTH-MeVal pH) presents the emission spectra. 
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Figure 12- Comparative studies 3 of excitation and fluorescence emission spectra for the 
analytes DABTH-MeVal (6), DKTH-Val (7) 3 FTH-MeVal (10) with fluoranten as a reference 
at the given concentrations 
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represent the excitation spectra. The thin lines represent the emission spectra. 
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Figure 13. Fluorescein measurements 11 ; the excitation and emission spectra of DNTH-MeVal 
atpH 1, 4, 7 and 9 at 1.5 juM. 
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Footnote; 'Solved in acetonitrile:aqueous buffer (1:9). Slits 10/10, excitation wavelength 260 
nm, emission scan 270-600 nm and emission 520 nm, excitation scan 200-510 nm. The bold 
lines (xDNTH-MeVal) represent the excitation spectra. The thin lines (DNTH-MeVal) 
represent the emission spectra. 
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Figure 14* UV absorbance for selected analytes in acetonitrile, fluoranthene used as 
reference. 
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Figure 15- XJV absoxbaiice for selected analytes in 0.1 % TFA in acetcraitrile/water (1/1), 
fluoranthene used as reference. 
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Figure 16. LC-MS/MS analysis of acryiamide adducted human globio by use of the 
Fluorescent N-/WEdman procedure and comparison with reference compounds. 
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Figure 17. Excitation and emission fluorescence spectra of FTH-MeVal (10). The excitation 
spectrum was recorded at 492 nm and the emission at 515 nm (pH-7; O.Ij^M; ACNrHjO, 1 :4). 
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